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TO:  THE  READER-^ 

Appendix  D entitled  "Water  Supply  and  Water  Pollution  Control" 
is  one  of  nine  appendices  to  the  "Report  for  Development  of  Water 
Resources  in  Appalachia."  It  *furnishes  information  on  water  supply 
and  water  pollution  control  needs  in  and  adjacent  to  the  Appalachian 
region. 

‘ Included  in  this  appendiJt,  are  a general  appraisal  of  present 
and  future  water  supply  and  water  pollution  contr9l  needs,  and  the 
ways  and  means  of  satisfying  these  needs.  The  appen<fix^ also  include? 
detailed  discussions  of  water  supply  and  water  quality  control  nee.*? 
that  can  be  satisfied  from  selected  reservoir  projects  that  are  pro- 
posed for  inclusion  in  the  Appalachian  Plan  for  Water  Resources 
Development . _ 


Water  resource  developments  for  all  uses  are  summarized  in  the 
main  report  which  should  be  consulted  for  an  overall  view  of  the 
Appalachian  region.  An  index  for  the  report  components  and  appendices 
is  shown  on  pages  vi  and  vii  of  this  appendix. 
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Definition  of  Terms 


Primary  Sewage  Treatment 

This  type  of  treatment  commonly  consists  of  screening, 
shredding  and  sedimentation.  The  process  will  remove  a high 
percentage  of  suspended  matter  but  little  colloidal  and  dissolved 
matter.  It  is  designed  to  settle  the  bulk  of  organic  and  inorganic 
solids  that  are  insoluble.  About  30  to  1+0  percent  of  the  biochemical 
oxygen  demanding  materials  can  be  removed. 

Secondary  Sewage  Treatment 

This  type  of  treatment  as  conventionally  applied  involves 
the  application  of  a biological  process  to  the  primary  effluent 
in  which  bacterial  or  biochemical  action  is  intensified  to  stabilize, 
oxidize  and  nitrify  the  unstable  organic  matter  present.  Activated 
sludge,  trickling  filtration,  contact  stabilization  and  extended 
aeration  are  common  in  secondary  treatment. 

In  the  secondary  process,  suspended  and  dissolved  organic 
materials  that  can  be  attacked  by  organisms  are  partially  or  com- 
pletely destroyed.  Usually  80  to  95  percent  of  the  oxygen  demand, 
as  m.easured  by  the  biochemical  oxygen  demand  test,  will  be  satisfied. 
Although  under  proper  conditions  and  with  sufficient  time,  all 
biodegradable  organic  materials  may  be  degraded  by  appropriate 
organisms;  com.plete  degradation  does  not  occur  on  a practical 
basis  and  some  residual  or  refractory  materials  remain  in  the 
effluent. 

Methods  other  than  those  conventionally  used  which  might  be 
presently  used  or  developed  for  future  use,  and  which  would  produce 
an  equivalent  of  effluent  would  be  considered  secondary  treatment 
in  this  appendix. 

Population  Equivalent  (P.E.) 

The  measure  of  strength  of  a waste  converted  to  the  equivalent 
number  of  people  required  to  produce  the  same  biochemical  oxygen 
demand.  In  terms  of  ultimate  first  stage  biochemical  oxygen  demand 
(BOD),  0.25  pounds  of  BOD  is  considered  as  one  population  equivalent. 
(This  is  also  approximately  equal  to  0.1?  pounds  of  BOD  as  measured 
by  the  standard  5-day  test.) 


Million  Gallons  Per  Day  (mad) 


An  abbreviation  used  to  signify  a million  gallons  per  day. 

Standard  Metropolitan  Statistical  Area  (SMSA) 

An  abbre-viation  used  to  designate  a "Standard  Metropolitan 
Statistical  Area"  as  defined  by  the  Bureau  of  Census,  U.S.  Department 
of  Commerce. 

Biochemical  Oxygen  Demand  (BOD) 

An  abbreviation  used  to  designate  "biochemical  oxygen  demand" 
as  measured  by  methods  described  in  "Standard  Methods  for  the  Examina- 
tion of  Water  and  Wastewater"  by  the  Publication  Office,  American 
Public  Health  Association,  Inc.,  1790  Broadway,  New  York,  N.Y,  10019. 


AUTHORITY 


The  authority  for  the  water  resources  study  for  Appalachia  is 
contained  in  Public  Law  89-1*,  titled  the  "Appalachia  Regional  Develop- 
ment Act  of  1965."  The  Act  authorized  the  Secretary  of  the  Army  to 
prepare  a comprehensive  plan  for  the  development  and  efficient  utili- 
zation of  the  water  and  related  resources  of  the  Appalachian  Region. 
Section  206.(c)  of  the  law  further  stipulated,  "To  insure  that  the 
plan  prepared  by  the  Secretary  of  the  Army  shall  constitute  a har- 
monious component  of  the  regional  program,  he  shall  consult  with 
the  Commission  and  the  following:  the  Secretary  of  Agriculture,  the 

Secreteu-y  of  Commerce,  the  Secretary  of  Health,  Education,  and  Welfare, 
the  Secretary  of  the  Interior,  the  Tennessee  Valley  Authority,  and  the 
Federal  Power  Commission." 


PURPOSE  AND  SCOPE 


The  purpose  of  Sections  I'through  IV  of  this  appendix  is  to  give 
a general  appraisal  of  the  water  supply  and  water  quality  control  needs 
of  the  Appalachian  area.  Twenty-eight  water  areas  were  selected  for 
reporting  purposes  consistent  with  the  geographic  breakdown  used  for 
report  purposes  by  various  cooperating  agencies.  Benchmark  goals  of 
economic  development  were  defined,  which  for  planning  purposes,  esti- 
mated the  population  and  economic  development  that  reasonably  might 
be  attained.  These  "developmental  goals,"  in  turn,  established  the 
economic  framework  used  to  estimate  the  need  for  municipal  and  industrial 
water  and  the  water  quality  control  needs  that  would  be  expected  to 
accompany  the  attainment  of  these  goals.  Comparison  of  these  needs  with 
the  present  and  planned  water  resource  development  permitted  the 
determination  of  the  adequacy  of  development  to  meet  such  needs  on  a 
water-area  basis.  These  goals  are  considered  applicable  on  an  areawide 
basis  and  not  subject  to  reliable  disaggregation  to  smaller  areas; 
therefore,  coram.unity-by-community  or  county-by- county  needs  were 
generally  not  attempted. 

The  location  of  the  major  development  within  a water  area  may 
greatly  affect  the  program  that  might  be  necessary  for  water  supply 
and  water  quality  control.  The  general  impact  of  development  in  one 
part  of  the  water  area  as  opposed  to  another  was  attempted  in  the  water 
area  resumes.  In  addition,  greater  detail  is  provided  for  specific 
project  reports  (included  in  Section  V,  Supplement  B)  where  a more 
detailed  economic  study  was  conducted.  This  detail  is  limited  to  the 
project  report  and  not  repeated  in  the  water  area  resumes. 

The  population  and  economic  development  indicated  by  the  bench- 
mark goals  will,  in  some  areas,  require  a considerable  investment  to 
meet  water  supply  and/or  water  quality  control  needs.  Generally, 
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alternates  exist  to  satisfy  the  needs.  Tlie  rans-e  of  alternates  and 
complementary  measures  for  water  pollution  control  is  discussed  in 
Section  III  under  "Control  Methods."  The  alternate  selected  in  any 
given  situation  will  depend  on  many  variables,  including  land  avail- 
ability, types  of  wastes,  stream  hydrology,  stream  uses,  and  geologic 
conditions.  The  program  that  might  result  is  not  capable  of  exact 
definition  within  a water  area;  however,  certain  factors  which  will 
lead  to  preference  of  one  alternate  over  another  are  considered  in  the 
water  area  resumes. 

Section  V includes  Supplement  A,  provided  by  the  Public  Health 
Service,  Department  of  Health,  Education,  and  Welfare.  This  supple- 
ment consists  of  environmental  health  guidelines  which  delineate 
basic  measures  which  should  be  included  in  water  resource  and  related 
land  planning  to  protect  the  environmental  health  of  the  area. 

Section  V also  includes  Supplem.ent  B,  which  is  a series  of 
reports  on  specific  pro.lects  studied  in  greater  detail  for  possible 
authorization  as  part  of  the  Appalachia  Water  Resources  Study.  Ihese 
reports  were  prepared  by  the  FWPCA  regional  office  having  responsibi- 
lity for  the  Federal  water  pollution  control  program  in  the  specific 
project  area.  These  reports  include  more  detailed  and  specific 
recommendations  than  that  Included  in  the  water  area  resumes  and  are 
based  on  more  intensive  economic  and  water  quality  studies.  Excluded 
from  the  presentation  in  both  the  water  area  resumes  and  project 
reports  is  a significant  consideration  of  water  quality  standards 
that  will  apply  to  the  interstate  streams,  and  by  Etate  initiative, 
to  many  intrastate  streams  (see  Pectlon  TII  "Water  Pollution  Icntrol 
Program"  for  ein  elaboration  on  water  quality  stsndards).  The  concurrent 
time  frame  for  the  preparation  of  this  apnendix  with  the  establish- 
ment of  interstate  stream  standards  by  the  Secretary  of  the  Interior 
makes  a substantive  evaluation  of  the  Impact  of  standards  impossible 
within  report  deadline  commitments.  For  a further  elaboration  into 
the  significance  of  these  p’roject  reports,  the  reader  is  referred  to 
the  Introduction  section  of  Sunnlement  B. 

acknowledgment;'. 

The  various  regional  offices  of  rVPCA,  in  preparation  of  r.aterial 
for  project  reports  and  water  area  resumes,  have  obtained  Information 
from  a variety  of  sources.  In  addition  to  the  various  Federal  agencies 
cooperating  in  this  study,  the  Department  of  Health,  Economic  Develop- 
ment, and  Natural  Resources  of  the  13  Appalachia  States  have  provided 
background  material.  The  coordinating  committee  of  State  officials  and 
participating  government  agencies  have  provided  continulr.g  cooperation 
and  helpful  direction  in  this  study. 


SECTION  II  - SUMMARY  AND  CONCLUSIONS 


L 


GENERAL  SUMMARY 


1.  Municipal  euid  industrial  water  uses  in  ApptLlachia  (ex- 
clusive of  uses  in  agricultural,  mininR,  and  thermal  power  operations) 
are  estimated  at  7,700  million  gallons  per  day  (mgd),  and  to  meet 

the  henchmsu"k  goals  of  economic  development,  these  uses  will  be 
expected  to  require  approximately  13,300  mgd  by  I98O,  23, *<00  mgd  by 
2000,  and  **2,200  mgd  by  2020. 

2.  Raw  untreated  organic  waste  loadings  from  industry  and 
sewered  communities  are  estimated  to  be  the  equivalent  of  the  wastes 
from  a population  of  3**, 300,000,  and  if  benchmark  goals  of  economic 
development  etre  met,  these  wastes  are  expected  to  increase  to  60,000,000 
P.E.  (population  equivalent)  by  1980,  to  105,500,000  P.E.  by  2000,  and 
to  176,000,000  by  2020. 

3.  The  greatest  percentage  Increase  in  water  use  and  waste 
loadings  under  study  assumptions  will  occur  in  the  southern  portions 
of  Appalachia,  with  Subregion  J showing  an  increase  from  1**.**  percent 
of  total  water  use  and  12.2  percent  of  raw  waste  loadings  at  present 

to  3**. 3 percent  of  water  use  and  22.2  percent  of  waste  loadings  by  2020. 
For  Subregion  E the  increases  from  I960  to  2020,  respectively,  are  from 
8.0  to  11.5  percent  for  water  use  and  8.6  to  13.5  percent  for  waste 
loadings . 

1*.  To  provide  secondary  waste  treatment  facilities  for  60.1 
presently  sewered  areas  not  now  having  secondary  treatment  will  require 
an  investment  of  approximately  275  million  dollars  over  the  next  five 
years,  assuming  a design  population  equeil  to  1990  estimates.  Excluded 
are  the  costs  of  sewers  including  interceptors,  separation  of  storm  and 
sanitary  sewers,  and  p\imp  stations.  Average  annual  investment  thereafter 
for  secondary  treatment  facilities  are  expected  to  be  about  25  million 
dollars.  These  values  are  based  on  construction  costs  applicable  in 
early  1967. 

5.  With  secondary  treatment  of  municiped  and  industrial 
bioxidizable  wastes  and  an  equally  high  level  of  treatment  for  other 
industrial  wastes,  the  following  ma,5or  problems  are  expected  to  require 
attention  to  control  water  quality  and  protect  legitimate  water  uses: 

a.  Protection  of  the  areas'  waters  will  require  increasing 
attention  to  control  of  nutrients  which  contribute  to  undesirable  aquatic 
plant  growths.  It  has  been  determined  that  nutrient  control  is  essential 
for  the  restoration  of  water  quality  in  Lake  Erie.  Particularly 
vulnerable  are  the  series  of  impounded  waters  in  the  Ohio  and  the 
Tennessee  River  systems. 


For  conaluslons  applicable  to  certain  specific  stream  reaches,  see 
Supplement  B for  specific  project  reports. 


b.  Stora^ce  for  streamflow  regulation  should  be  provided 
where  Justified  to  increase  streamflow  and  waste  assimilation 
during  periods  of  low  flow;  however,  emphasis  should  be  placed  on 
improved  tr>  i^ment  rather  than  relying  on  flow  regulation  alone. 

c.  Off-stream  cooling  methods  should  be  provided  in  areas 
where  heat  pollution  or  heat  aggravated  pollution  problems  are  or  are 
likely  to  be  significant. 

d.  A program  of  correcting  acid  mine  drainage  at  the 
source  in  both  active  and  "abandoned"  mines  should  be  promoted. 
Legislation  providing  for  controlling  mine  discharges  and  reclamation 
of  strip  mine  areas  should  be  advanced. 

e.  Pollution  from  sediment  should  be  brought  under  greater 
control.  Major  sources  of  sediment  pollution  includer  exposed 
banks  from  strip  mining,  coal  fines  from  improperly  controlled  coal 
washeries,  piles  of  debris  from  mining  operations,  improper  forestry 
auid  other  agricultural  practices,  and  highway  and  other  construction 
operations. 

f.  State,  interstate,  and  Federal  agencies  should 
with  the  cooperation  of  industry,  initiate  programs  to  prevent  or 
minimize  the  effect  of  pollutional  incidents  caused  by  spillages  of  oil 
and  other  hazardous  materials. 

g.  Prevention  of  discharges  of  toxic  concentrations  even 
where  long-term  effects  on  health  are  unknown  must  be  achieved. 

h.  Appropriate  controls  for  discharges  of  taste  and  odor 
producing  substances  should  be  provided. 

i.  Specific  methods  of  brine  waste  disposal  from  oil 
fields  and  industrial  processes  should  be  recommended  and  programs 
developed  to  implement  the  recommendations. 

J.  Proposed  new  sewerage  facilities  should  be  designed 
to  prevent  the  necessity  of  bypassing  untreated  wastes.  Combined  storm 
and  sanitary  sewers  should  be  prohibited  in  all  areas  that  are  to  be 
developed,  and  eliminated  in  existing  areas  where  the  resulting  improve- 
ment would  Justify  expenditures.  Ixirtinr  combined  sewer  systems 
should  be  patrolled  and  flow-regulating  structures  adjusted  to  convey 
the  maximum  practicable  amount  of  combined  flows  to  and  through  treatment 
plants.  This  is  particularly  necessary'  in  areas  where  current  waste 
loads  are  producing  serious  stream  degradation. 

6.  State  or  interstate  planning  and  implementing  agencies 
should  be  established  to  conduct  water  nuality  programs  for  entire 
river  basins. 
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T.  Detailed  investigations  should  be  made  of  the  practica- 
bility and  costs  of  advanced  waste  treatment  methods,  diversion  of  | 

wastes,  or  other  means  of  water  pollution  control  in  all  problem  areas. 

I 

8.  To  meet  the  needs  by  1972  to  design,  construct,  and  operate  j 

new  waste  treatment  plants  and  improve  operation  in  older  plants , an  | 

estimated  6,600  additional  professionals,  technicians  and  treatment 

plant  operators  will  need  to  be  employed  for  the  Appalachian  area. 

Of  these,  1,850  are  expected  to  be  needed  as  plant  operators  for 
municipal  and  industrial  waste  treatment  plants.  Training  courses  at 
vocational  educational  schools  should  be  considered  at  several  locations 
in  Appalachia  to  meet  this  need.  The  States,  Department  of  Health, 

Education,  and  Welfare,  and  FVPCA  should  mutually  cooperate  in  plans 
to  meet  this  training  aead. 

9.  Providing  storage  in  reservoirs  can  have  both  beneficial 
and  degrading  effects  on  water  quality.  Some  possible  effects  are 
thermal  stratification,  reduced  turbidity,  increased  plankton  and 
algal  growths,  reduced  coliform  organisms,  decreased  dissolved  oxygen 
in  stratified  water,  possible  Increase  in  iron  and  manganese  in  bottom 
waters,  and  general  smoothing  or  equalizing  effects  on  mineral  quality. 

Reservoirs  should  be  operated  in  a manner  to  decrease  or  eliminate 

the  degrading  effects.  Multiple-outlet  structures  in  projects  should  i 

be  considered  wherever  appropriate  to  provide  water  of  good  quality 
for  flow  regulation. 

10.  Stream  quality  surveillance  programs  for  purposes  of 
measuring  compliance  with  water  quality  standards,  as  well  as  for 
other  purposes,  should  be  integrated  such  that  suitable  information 

obtained  by  the  various  State,  interstate,  and  Federal  agencies  is  i 

freely  available  and  so  that  duplication  of  efforts  and  costs  is 

avoided.  1 

11.  A study  should  be  made  to  determine  the  extent  to  which 
deep-well  disposal  of  wastes  may  be  technically  feasible  in  Appalachia 
and  to  recommend  criteria  and  procedures  for  regulation  of  such  disposal. 

12.  Mining  operations  were  the  greatest  single  cause  of  reported 
fish  killed  in  1966  in  Appalachia,  amounting  to  about  ^5  percent  of  the 
3,000,000  reported  killed  in  Appalachia. 

13.  Food  processing  wastes  contributed  about  27  percent  of 

the  total  reported  fish  killed  in  Appalachia  in  1966,  primarily  because 
of  the  one  very  large  kill  in  Alabama  from  this  cause. 

lU.  On  a percentage  basis,  agricultural  operations  were  a very  , 

minor  cause  of  fish  killed  in  Appalachia.  Agricultural  operations 
were  also  a relatively  minor  factor  in  Appalachia  as  compar jd  with 
the  nation,  for  both  fish  killed  and  number  of  incidents. 
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SUMMARY  OF  SPECIFIC  PROJECT  STUDY  CONCLUSIONS 

Table  I shows  a summary  of  the  conclusions  of  water  supply 
and  water  quality  control  needs  that  are  Incorporated  in  specific 
project  studies.  This  summarization  lacks  the  specificity  and  detail 
which  is  included  in  the  project  report  ajid  the  reader  should  refer  to 
the  specific  report  before  attempting  to  apply  the  information  to  a 
specific  project. 
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WATER  SUPPLY  MEEDS  AND  WASTE  LOADINGS 


The  demand  for  water  and  the  waste  loads  which  are  produced 
depends  largely  on  the  population  and  the  type  and  amount  of  economic 
activity  in  an  area.  Economic  studies  are  therefore  essential  to 
relate  current  requirements  and  to  estimate  future  requirements  for 
both  water  supply  and  water  pollution  control.  The  economic  studies 
for  this  survey  involve  the  concept  of  planning  public  investments 
to  implement  regional  objectives.  Evaluation  procedures  to  meet 
such  objectives  were  developed  by  the  Department  of  the  Army,  Office 
of  Appalachian  Studies. i'  Based  on  this  concept,  tested  "benchmark 
goals"  of  development  were  formulated  for  the  various  water  areas 
under  the  leadership  of  -he  Office  of  Appalachian  Studies.  For  a 
detailed  discussion  of  economic  methods  and  rationale,  see  Appendix  E. 

The  estimate  of  water  supply  needs  is  based  on  an  initial 
assumption  that  availability  will  not  be  a limiting  factor  within 
a water  area,  and  that  price  will  not  limit  use  in  the  future  any- 
more than  it  has  iri  the  past.  The  estimate  obtained  is  then  compared 
with  the  existing  and  readily  developable  supplies  in  an  area.  In 
the  water  area  resumes  Judgmental  factors  are  then  considered  in 
describing  those  portions  of  a water  area  having  greater  or  lesser 
amounts  of  naturally  available  or  developable  resources  to  meet  these 
needs.  Tliis  accomplishes  an  initial  step  of  alerting  planners  to  areas 
where  more  detailed  studies  may  be  necessary  to  meet  needs.  The 
project  reports  are  examples  of  these  more  detailed  studies  (see 
Section  V).  Inherent  in  the  evaluation  of  water  availability  is 
the  assumption  that  water  pollution  will  be  controlled  such  that 
available  supplies  will  be  usable.  Generally,  major  water-using  in- 
dustries are  expected  to  factor  in  cost  of  water  supply  in  their 
location  decisions  and,  therefore,  long  transmission  lines  to  obtain 
major  quantities  of  water  will  be  avoided  in  most  cases.  Appalachia 
is  an  area  of  high  precipitation  and  runoff  an'i,  therefore,  with 
proper  management  of  water  resources,  should  not  be  at  a disadvantage 
in  comparison  with  other  pares  of  the  country  in  having  an  economical 
supply  of  water  for  municipal  and  industrial  uses. 

INDUSTRIAL  WATER  SUPPLY  .NEEDS  AND  WASTE  LOADINGS 

Estimates  of  industrial  water  requirements  and  waste  loadings 
generated  by  economic  development  are  complicated  by  many  factors. 

Every  product  requiring  water  in  its  manufact'ore  utilizes  differing 
quantities  and  qualities  of  water  and  even  the  manufacture  of  identical 


— "Evaluation  Procedures  for  Water  Resource  Planning,"  U.S.  Department 
of  the  Array,  Corps  of  Engineers,  Office  of  Appalachian  Studies, 
Cincinnat i , Ohio. 
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products  differ  in  amounts  of  water  used  and  waste  loadings  generated, 
depending  on  processes  involved  and  in-plant  practices  used.  The  prime 
uses  of  water  in  industry  are  for  cooling  or  condensing  and  for  product 
processing. 

Industrial  water  use  has  been  computed  on  a daily  use  per  employee 
or  per  unit  production  basis.  The  Bureau  of  Censusi.^  has  collected  water 
use  figures  for  various  regions  in  the  United  States  for  the  four-digit 
industrial  categories.  The  Business  and  Defense  Services  Administration 
(BDSA)  of  the  U.S.  Department  of  Commerce  prepared  a statistical  analysis 
of  this  information  for  the  Appalachian  area.^/  This  information  was 
both  useful  and  used,  and  the  industrial  water  use  figures  indicated 
in  the  BDSA  report  are  consistent  with  those  presented  in  this  appendix. 
The  figures  presented  in  the  Census  report  were  statistically  analyzed 
in  a recent  study3/  and  the  conclusion  reached  that  either  employment 
or  value  added  by  manufacture  could  be  used  in  estimating  industrial 
water  use  in  most  cases.  In  a few  cases  no  significant  correlation 
could  be  demonstrated  to  exist.  Similarly,  Ei cliberger— ' presented  data 
on  waste  loadings  by  Standard  Industrial  Classification  (SIC)  categories. 
Present  water  use  and  waste  loading  values  were  obtained  where  possible 
and  used  for  the  evaluation  by  water  areas.  Where  information  was 
lacking  the  statistically  determined  ’/alues  were  used. 

The  determination  of  industrial  water  supply  and  waste  loadings 
are  illustrated  by  showing  the  step-by-.step  procedures  used  for  water 
area  I-l.  The  same  basic  procedures  were  used  for  the  other  27  water 
areas . 

Water  supply  and  waste  load  vectors  were  assigned  for  the  six 
major  two-digit  SIC  water  using  industrial  categories.  The  values 
shown  for  water  area  I-l  were  modified  for  certain  other  areas.  This 
modification  was  based  on  knowledge  of  the  present  development  and 
judgments  of  most  likely  future  development  for  the  specific  area. 

The  adjustment  in  vectors  assigned  for  a two-digit  SIC  grouping  for 
a specific  water  area  allows  for  factoring  in  knowledge  on  the  most 

— '^U.S.  Bureau  of  Census.  1963  Census  of  Manufactures:  Water  Use  in 

Manufacturing,  MC63(l)-10. 

2/  , ,, 

— "Water  Use  by  Appalachian  Manufacturers,"  prepared  for  the  Office  of 
Appalachiafn  Studies,  Corps  of  Engineers,  U.S.  Department  of  the  Army, 
by  the  Business  and  Defense  Services  Aiimini strati  on,  ”.S.  Department 
of  Commerce,  December  1^67- 

—'^"Industrial  Water  Use,"  by  Willis  G.  Eichberger,  U.S.  Department  of 
Health,  Education,  and  Welfare,  Public  fiealih  Service.  (For 
adminii  trati  V'^  use  only.) 


likely  *-ype  of  development  for  the  specific  area  under  consideration. 

For  f“xample,  within  the  SIC  20  (food  and  kindred  products)  category, 
slaughterhouses,  dairies,  bakeries,  and  canneries  utilize  considerably 
different  quantities  of  water  per  employee  and  magnitudes  of  waste  lead- 
ing per  employee.  Obviously  the  exact  mix  that  might  evolve  would  greatly 
affect  the  amount  of  water  used  and  waste  loadings  generated. 

Basic  Data  for  Industrial  Water  Supply  and 
Waste  Loading  Estimates 


Three  tables  are  basic  for  the  evaluation  of  water  supply  needs 
and  waste  loadings.  These  tables  for  water  area  I-l  are  shown  below; 

Table  II 


Water  Supply  and  Waste  Load  Vectors 


Present 
Water  Supply 
Vector 

(Gals/Emp/Day ) 


Ip 


Present 
Waste  Load 

Vector 

.E. /Emp/Day ) 


Food 

TOO 

Ik 

Textiles 

600 

2 

Paper 

8,850 

126 

Chemicals 

9,100 

10 

Petroleum 

13,300 

2 

Primary  metals 

lU,500 

2 

Other 

150 

2 
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Table  III 
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I960 

1980 

2000 

2020 

Food 

1 

1.26 

1.66 

2.17 

Textiles 

1 

2.85 

5.02 

7.86 

Paper 

1 

1.25 

1.51 

1.8k 

Chemicals 

1 

2.h2 

3.93 

6.32 

Petroleum 

1 

1.96 

3.23 

U.87 

Primary  metals 

1 

1.32 

1.67 

2.03 

Other 

1 

1.52 

2.33 

3.60 

Table  IV 

Tested 

Benchmark 

Employment 

Table 

for  Water  Area 

I960 

1980 

2000 

2020 

Food 

I,l9’+ 

3,166 

5,lU6 

U,7i*U 

Textiles 

6h 

75 

62 

67 

Paper 

0 

0 

0 

0 

Chemicals 

25T 

757 

1,757 

2,168 

Petroleum 

387 

5UU 

753 

1,08U 

Primary  metals 

108 

80 

57 

51 

Other 

8,m- 

22,271. 

36,15U 

5i*,372 

—From  data  presented  in  "Economic  Base  Study  Information"  for 

Appalachia  area  by  Regional  Economics  Division,  Office  of  Business 
Economics,  U.S.  Department  of  Commerce. 


2/ 

— From  information  presented  by  the  Nashville  District,  U.S.  Army 
Corps  of  Engineers,  on  March  8,  196? . 
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Industrial  Water  Supply  and  Waste  Loading 
Estimates  Unad.justed  for  Technological  Advances 


The  product  of  the  appropriate  factors  in  the  preceding  tables 
produces  an  estimate  of  water  use  (or  waste  loading)  by  choosing  the 
appropriate  factors  for  the  desired  year  and  industrial  category  as 
shown  below. 

Equation  A 


Water  use  estimate  = gallons/employee/day  (Table  II)  x 
productivity  (Table  III)  x tested  employment  (Table  IV) 

Industrial  Water  Supply  and  Waste  Loading 
Estimates  Ad.lusted  for  Technological  Advances 

The  estimate  in  the  preceding  paragraph  assuimes  no  increased  effi- 
ciency in  terms  of  water  use  per  unit  of  production.  It  is  reasonable 
and  consistent  with  past  trends  that  as  technologj’’  is  applied  to  more 
effectively  use  our  labor  force  and  accomplish  improved  productivity, 
there  will  be  a concurrent  use  of  technology  to  reduce  water  use  and 
waste  loading  per  unit  of  product.  IJo  technological  advances  in  water 
use  per  unit  of  product  would  result  in  water  use  paralleling  produc- 
tion as  shown  in  equation  A above.  Technological  advances  in  control 
of  water  use  and  waste  loadings  equal,  on  a percentage  basis,  to  those 
applied  to  increased  employee  productivity  would  result  in  water  use 
paralleling  employment.  It  is  believed  that  the  actual  water  use  and 
waste  loading  trend  line  will  be  somewhere  between  the  employment  trend 
line  and  the  total  product  trend  line.  The  simplifying  assumption  of 
estimating  the  actual  water  use  to  be  half-way  between  the  employment 
and  total  product  lines  is  considered  consistent  in  degree  of  probable 
accuracy  with  other  basic  elements  of  the  study.  Applying  this  rationale, 
we  can  produce  a "New  Employment  Factor  Table"  from  the  following  equation 

1.0  + Xi^ 

New  Xi^  = 2 


in  which  Xij  is  the  appropriate  productivity  value  by  industry  (i)  and 
year  ( j ) from  Table  III.  This  table  as  derived  from  water  area  I-l  is 
shown  as  follows : 
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Table  V 


New  Employment  Factor  Table 


i960 

1980 

2000 

2020 

Food 

1 

1.13 

1.33 

1.585 

Textiles 

1. 

1.925 

3.01 

IJ.U3 

Paper 

1 

1.125 

1.255 

l.h2 

Chemicals 

1 

l.Tl 

2.U65 

3.66 

Petroleum 

1 

1.U8 

2.115 

2.935 

Primary  metals 

1 

1.16 

1.335 

1.515 

Other 

1 

1.26 

1.665 

2.30 

From  the  product  of  appropriate  values  in  the  "New  Employment  Factor  Table" 
and  Table  IV,  "Tested  Benchmark  Employment  Table,  Table  VI,  called  "Tested 
Employment  x New  Employment  Factor  Table,"  is  obtained: 


Table  VI 

Tested  Employment  x New  Employment  Factor  Table 


i960 

1980 

2000 

2020 

Food 

l,U9h 

3,578 

6,8UU 

7,519 

Textiles 

6h 

li*5 

189 

300 

Paper 

0 

0 

0 

0 

Chemicals 

257 

1,295. 

i+,331 

7,937 

Petroleum 

387 

OD 

0 

1,592 

3,182 

Primary  metals 

108 

92 

77 

78 

Other 

8,19i*. 

28,062. 

60,196 

125,056 

From  the  foregoing  tables,  the  desired  estimate  of  industrial  water  use  and 
waste  loading  is  obtained,  as  shown  in  the  following; 
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Year  i960 


1 


1 

f 


Tested  Emp.  x 
New  Emp.  Factori^ 

Water 
Gal /Emp 

Use 

. mgd  P. 

Untreated 
Waste  Load 
, E./Emp.  P.E./Day 

Food 

1,49U 

700 

1.05 

1!4 

20,920 

Textiles 

6h 

600 

O.Oli 

2 

128 

Paper 

0 

8,850 

0 

126 

0 

Chemicals 

257 

9,100 

2.3I* 

10 

2,573 

Petroleum 

387 

13,300 

5.15 

2 

775 

Primary  metals 

108 

i!+,500 

1.58 

2 

217 

Other 

8,19U 

150 

1.23 

2 

16,389 

Totals 

11.38 

hl,00k 

— ‘*^This  is  from 

the  tested  employme 

nt  X new 

employment 

factor 

table . 

Year  I980 

Untreated 

Tested  Emp.  x 

Water 

Use  

Waste  Load 

New  Emp.  Factor^/ 

Gal /Emp 

mgd  P , 

, E. /Emp, 

. P.E./Day 

Food 

3,578 

700 

2.50 

ll» 

50,097 

Textiles 

ll+5 

600 

0.09 

2 

291 

Paper 

0 

8,850 

0.0 

126 

0 

Chemicals 

1,295 

9,100 

11.79 

10 

12,955 

Petroleum 

805 

13,300 

10.72 

2 

1,611 

Primary  metals 

92 

11^,500 

1.35 

2 

185 

Other 

28,062 

150 

4.21 

2 

56,1214 

Totals 

30.66 

121 ,266 

— '*^This  is  from 

the  tested  employment  x new  employment 

factor 

table . 
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The  calculation  procedures  were  applied  to  other  target  years  and  other 
water  areas  to  make  up  a component  of  the  tables  included  in  th^  water 
area  resumes. 

MUNICIPAL  WATER  SUPPLY  NEEDS  AND  WASTE  LOALIflGS 


Municipal  water  supply  needs  and  waste  loadings  as  evaluated  for 
this  study  include  domestic,  commercial,  and  public  water  use  from  central 
systems  and  waste  discharges  to  central  treatment  plants;  they  do  not  in- 
clude the  industrial  water  use  from  central  systems  or  industrial  waste 
loadings  to  central  systems  even  though  many  industries  use  these  systems. 
The  industrial  component  associated  with  these  systems  is  evaluated  along 
with  the  self-supplied  water  supply  and  waste  discharge  facilities  provided 
by  industry. 

Municipal  Water  Supply  Needs 

The  demand  from  municipal  water  supply  systems  is  created  by  a 
number  of  special  uses,  i.e.,  domestic,  commercial,  public,  fire  fighting, 
and  industrial.  The  size  of  the  community,  its  location,  nuir:ber  and  diver- 
sity of  commercial  business  establishments;  community  habits;  availability; 
quality;  and  cost  of  water;  existence  of  sewers;  public  policy  with  respect 
to  civic  duties,  and  size  and  type  of  industries  within  any  city  are 
characteristics  peculiar  only  to  the  city  under  consideration.  As  a conse- 
quence, the  municipal  water  demand  computed  on  a per  capita  basis  can  be 
expected  to  vary  among  cities.  Municipal  use  is  largely  nonconsumptive 
and  it  can  be  expected  that  about  90  percent  of  the  water  used  for  municipal 
purposes  will  be  returned  to  the  water  courses. 

For  purposes  of  developing  overall  data  on  municipal  water  demand, 
writers  have  grouped  cities  by  population  brackets  to  determine  water  use. 
This  method  furnishes  a general  idea  of  the  overall  quantity  of  municipal 
water  demand  that  is  deemed  sufficient  for  this  appendix. 

Forges—^  broke  down  per  capita  consumption  figures  by  population 
groups  as  follows : 
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"Factors  Influencing  per  capita  Water  Consumption,"  Ralph  Forges,  Water 
and  Sewage  Works,  May  1957  . 


Population  Group 


r 


U.S.  Average  Demand  (gpcd) 
19^+8  195i* 


500-1,000 

100 

1,000-5,000 

108 

5,000-10,000 

111 

129 

10,000-25,000 

123 

13k 

25,000-50,000 

127 

133 

50,000-100,000 

121 

129 

over  100,000 

157 

150 

ther  reported^  that  for  an  average  output  of  ll 
daily  (gpcd),  the  distribution  of  water  was  as 

Use 

195^+ 

gpcd  percent 

1958 

percent 

Domestic 

6k 

U2.8 

1+1 

Commercial 

28 

18.9 

18 

Industrial 

37 

2k. 9 

2l* 

Public  & other 

20 

13. k 

17 

Totals 

li+9 

100.0 

100 

The  above  tabulation  also  shows  a distribution  of  municipal  water 
use  made  from  an  analysis  of  the  1958  Public  Health  Service  Inventory  of 
Public  Water  Supplies.  This  analysis  included  580  communities  serving 
about  81  million  people.  Communities  with  a population  less  than  100,000 
averaged  132  gpcd,  while  communities  with  a population  greater  than 
100,000  averaged  150  gpcd.  These  figures  compare  closely  with  the 
use  rates  found  in  Porges,  earlier  survey  for  these  size  categories. 
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Who  Gets  How  Much  of  What  Kind  of  Watei — from  Where  and  Whomi",  Ralph 
Porges,  Water  Works  Engineering,  P^bruary  1957. 
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The  State  of  Ohio  Department  of  Natural  Resources—^  reported  on 
results  of  an  extensive  study  of  municipal  water  supplies.  Comparing 
the  per  capita  use  figures  for  the  various  population  categories,  the 
figures  for  Ohio  are  somewhat  lower  than  the  U.S.  figures  in  the  previous 
tabulation.  The  distribution  by  types  of  uses  reported  for  Ohio  closely 
approximated  those  given  by  Forges. 

2/ 

Medium-range  projections—  for  those  States  that  have  land  areas 
in  the  study  area  are  shown  below.  Included  also  in  the  tabulation  are 
the  i960  water  use  figures  for  public  supplies  presented  by  MacKichan 
and  Kammerer^/  for  these  States. 

These  medium  projection  trends  show  a steady  per  capita  water  use 
for  the  various  States  in  Appalachia;  however,  these  are  average  figures 
and  tend  to  be  less  than  the  gpcd  figures  for  municipalities  with  a 
population  greater  than  100,000. 

Future  municipal  water  use  values  were  obtained  from  the  projections 
previously  shown  from  the  I960  Select  Committee  report.  An  average  per 
capita  use  of  133  gallons  per  day,  half-way  between  the  national  value 
of  1U8  and  Appalachia  median  value  of  117,  was  selected  for  I98O.  For 
the  year  2000  a value  of  1^^3  gallons  per  capita  per  day  was  selected. 

This  value  assumes  per  capita  use  in  Appalachia  will  increase  over 
that  shown  in  the  Select  Committee  report  to  within  one-fourth  the 
differential  between  the  national  projection  of  152  and  Appalachia  State 
median  value  of  II6  gallons  per  capita  per  day  for  the  year  2000.  For 
the  year  2020  a value  of  15^  gallons  per  capita  per  day  for  Appalachia 
was  selected.  This  would  bring  Appalachia  per  capita  municipal  water 
use  up  to  the  national  value  if  the  Senate  Select  Committee  projections 
were  extended  from  2000  to  2020.  The  increased  per  capita  values  were 
used  on  the  assumption  that  a successful  developmental  program  for 
Appalachia  would  result  in  increased  per  capita  use  accruing  from  an 
affluence  in  Appalachia  more  nearly  approximating  that  of  the  nation. 


I 

—'^"Municipal  Water  Supply  in  Ohio,  1955  and  1957,"  Anthony  R.  Rudnick , 

I Report  No.  9 Ohio  Water  Plan  Inventory,  State  of  Ohio,  Department  of 

Natural  Resources,  Division  of  Water,  .July  I962. 


2/  ... 

— Water  Resources  Activities  in  the  W.S.  Future  Requirements  for  Municipal 
Use,  Select  Committee  Print  No.  7,  36th  Congress,  ib60. 

3/ 

— Estimated  Use  of  Water  in  the  U.S. , I960  Geological  Survey  Circular  1^56, 
K.A.  MacKichan  and  .T.C.  Kammerer,  19^1. 
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Table  VII 


National 

Alabama 

Georgia 

Kentucky 

Maryland 

Mississippi 

New  York 

North  Carolina 

Ohio 

Pennsylvania 

South  Carolina 

Tennessee 

Virginia 

West  Virginia 

Median  for 
Appalachia 
States 

See  reference 


Municipal  Water  Use  from 
i960  Select  Committee  on  National 
Water  Resources,  United  States  Senate 

Gallons  per  capita  per  Day 

195^  1980  2000  196c* 


l^+T 

105 

127 

125 

131 

107 

138 

108 
IU9 
II+7 

103 

119 

100 

112 

119 

(3)  on  preceding  page. 


148 

152 

151 

100 

98 

118 

119 

117 

161 

137 

136 

138 

117 

116 

127 

110 

113 

113 

148 

153 

136 

106 

106 

131 

li+7 

147 

138 

15^ 

154 

144 

98 

96 

137 

112 

112 

142 

90 

89 

129 

127 

132 

99 

117 

116 

136 

■ 
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The  above  values  for  per  capita  use  from  municipal  water  supplies 
were  adjusted  to  represent  only  that  representing  domestic,  commercial, 
and  public  uses.  For  this  purpose  25  percent  of  the  use  was  assumed  to 
be  for  nonself-supplied  industry,  consistent  with  the  percentages  shown 
in  Forges'  study  previously  tabulated.  The  resulting  values  used  in  the 
study  for  I98O,  2000,  and  2020  are  shown  below: 


Per  Capita  Demand  from 
Municipal  Systems,  gpd 

Per  Capita  Demand  from 
Systems  Exclusive  of  Industrial  Use,  gnd 

1980 

133 

100 

2000 

1U3 

lOT 

2020 

15h 

115 

The  deletion  of  industrial  water  in  calculating  use  from  municipals, 
systems  is  necessary,  since  the  rationale  for  projecting  industrial 
water  use  will  include  all  industrial  use  whether  self-supplied  or 
supplied  from  a municipal  source. 

For  this  study,  it  was  assumed  that  the  present  population  now 
served  by  central  systems  will  continue  to  be  so  served  in  the  future, 
plus  all  future  population  increases.  Conversely,  the  present  population 
not  served  by  central  systems  will  remain  constant.  Since  the  water  areas 
studied  show  increasing  population,  this  results  in  an  increased  percentage 
served  by  central  systems.  This  is  consistent  with  the  trend  to  increased 
urbanization  and  the  extension  of  central  systems  to  serve  new  areas. 

Municipal  Waste  Loadings 

Municipal  waste  loading  estimates  are  based  on  the  following 
assumptions ; 

1.  The  present  population  served  by  central  systems  plus  any 
population  increase  will  be  served  by  central  systems.  Conversely,  the 
population  served  by  individual  systems  will  remain  static.  This  is 
consistent  with  an  increasing  percentage  of  the  area  population  being 
served  by  central  systems. 

2.  The  raw  waste  load  from  the  domestic,  commercial,  and  public 
facilities  on  a system  will  equal  0.25  pounds  of  biochemically  oxidizable 
material  per  capita  per  day.  This  amount  of  loading  is  defined  as  a 
"population  equivalent”  (P.E.). 
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3.  The  waste  loading  per  capita  exclusive  of  industrial  contribu- 
tion will  remain  constant  through  the  study  period. 


ADJUSTt-lENT  OF  CALCULATED  WATER  SUPPLY  AND 
WASTE  LOAD  VALUES 


Use  of  the  rationale  described  previously  results  in  a calculated 
water  supply  and  waste  load  value.  This  value  will  vary  somewhat  from 
observed  values.  Reasons  for  this  variance  can  be  many,  including: 

1.  Inaccuracies  in  inventory  values  of  population  served  and/or 
water  use  or  waste  loading  for  various  systems. 

2.  Excessive  leakage  in  munlcip.al  water  supply  systems  because 
of  poor  maintenance. 

3.  Inefficient  use  of  water  by  industry  because  of  poor  plant 
controls . 

U.  Low  per  capita  use  of  water  because  of  poor  water  quality  or 
an  economic  level  which  results  in  lower  tnan  normal  water  use.  In  the 
longer  tern,  approach  to  the  year  2000  or  2020  many  of  these  factors 
should  even  out,  and  projection  of  current  values  would  probably  be 
less  valid  than  having  water  use  figures  more  nearly  approach  the  norm. 

To  more  accurately  reflect  the  probable  situation  in  the  near 
future,  the  water  use  and  waste  loading  values  were  adjusted;  to 
accomplish  this  it  was  decided  to: 

1.  Use  the  observed  water  use  and  waste  load  values  for  the 
current  time  period  in  the  water  area  tables. 

2.  Determine  the  difference  between  the  observed  and  calculatea  current 
values,  shown  as  Aj  and  A2  in  Figure  1. 

3.  Adjust  the  calculated  198O  values  by  one-half  the  current 
difference,  Aj  / or  A2/,  to  arrive  at  the  1980  values  in  water  area  tables. 

2 72 

h.  Hot  change  the  2000  or  .:020  calculated  values  for  the  reason 
discussed  earlier  in  this  section. 


WATER  3UPPLY  PROGRAM 


The  water  supply  program  to  meet  the  developmental  needs  of 
Appalachia  will  be  based  on  decisions  reached  by  local,  State,  inter- 
state, and  Federal  entities.  These  decisions  should  be  based  on  the 
concept  of  the  best  multiple  use  of  water  resources  for  all  purposes. 


PARAMETER 


</> 


CURVE  FROM  CALCULATED 


1960  1980  2000  2020 


YEAR 

FI6UREI-WIIIER  SUPPLY  RNR  WASTE 
LOAD  VALUES 


Traditionally,  public  water  supply  has  the  highest  priority  of  all  uses 
where  the  resources  are  inadequate  to  meet  all  needs.  Inherent  in  these 
decisions  is  the  evaluation  of  alternate  methods  of  meeting  water  supply 
and  other  needs.  For  any  particular  area  the  alternates  include  con- 
sideration of  ground  water  resources,  existing  and  developable  surface 
water  resources,  importation  of  water  from  another  area,  and  water  reuse. 
The  water  area  resumes  are  not  based  on  detailed  studies  which  would 
define  the  probable  program  for  any  area;  however,  basic  factors  which 
are  inherent  in  each  water  area  are  considered  to  give  a guide  as  to  the 
most  probable  development  and  to  indicate  where  more  detailed  studies 
to  most  satisfactorily  furnish  an  area's  needs  should  be  undertaken. 

GROUND  WATER 


Ground  water  availability  and  costs  of  development  are  the  subject 
of  Appendix  H.  This  information  was  used  in  the  water  area  resumes 
to  evaluate  broadly  the  potential  role  of  ground  water  in  meeting  an 
area's  needs. 

SURFACE  WATER 


Surface  water  availability  is  discussed  in  Part  II  of  the  main 
report.  This  information,  along  with  quality  information,  was  used  to 
evaluate  the  extent  to  which  the  water  supply  needs  of  a water  area  can 
be  expected  to  be  met  from  this  source. 

For  areas  where  ample  supplies  of  good  quality  ground  or  surface 
water  do  not  exist  at  a reasonable  cost,  impoundment  is  a potential 
solution  for  an  area's  water  supply  needs.  The  water  area  resumes  indi- 
cate where  further  evaluation  of  impoundment  possibilities  are  particular! 
evident . 

IMPORTED  WATER 


In  areas  where  existing  and  developable  ground  and  surface  water 
supplies  of  suitable  quality  cannot  be  provided  at  a reasonable  cost, 
importation  from  another  basin  is  a potential  means  of  meeting  an  area's 
needs.  Because  of  the  relatively  high  amount  of  precipitation  and  runoff, 
importation  is  not  expected  to  be  required  to  a significant  extent  in 
Appalachia.  The  rugged  terrain  in  many  portions  of  Appalachia  would 
require  pumping  against  a considerable  static  head  condition  which,  by 
increasing  costs,  would  further  limit  the  probable  development  of  impor- 
tation of  water  from  one  basin  to  another. 

WATER  REUSE 


Water  reuse  is  a common  practice  in  many  of  the  areas  of  Appalachia 
as  well  as  in  the  rest  of  the  United  States.  There  is  an  increasinc  trend 


toward  in-piant  reuse  for  major  water  using  industries.  Process, 
condenser,  sanitary,  and  cooling  waters  may  have  different  quality 
requirements.  Spent  wa+er  for  one  purpose  may  still  be  usable  for  a 
purpose  requi'-'ing  a lower  quality. 

Water  reuse  also  exists  by  successive  withdrawal  and  discharge 
tr  a stream.  This  is  particularly  common  during  periods  of  lew  flow. 

ar  ’. .Ity  * ■ reuse  water  is  dependent  on  a suitable  pollution  control 
T r ,'r'an. 

ii'.e  ult.imate  in  reuse  is  a closed  system  in  which  waste  waters 
a;*-;-  *r-:-a;'-j  : 'in  extent  to  allow  continued  reuse  with  no  additional 

water  iniU'*  , ex -ept  for  perhaps  incidental  make-up  water.  According 
to  one  cost  -jf  treating  conventional  municipal  waste  water 

sufficiently  to  regain  its  original  quality  before  use  approximates 
$0.56  per  1,000  gailons  for  a 10  million  gallon  per  day  renovation  plant. 
This  is  approximately  $0.43  per  1,000  gallons  more  than  the  conventional 
secondary  ♦reatment  cost.  This  can  be  used  as  a level  of  cost  to  compare 
with  gr.jur.  ; w-i'  r c* 'ser  alternates  as  economic  sources  of  supply.  The 
cost  per  l,00i-  vaKons  is  dependent  on  the  quantity  being  treated.  For 
li-ciitei  quar ‘ •■‘3  reuse  can  be  expected  to  be  progressiv'='ly  less  competi- 

tive with  aj.t'':'nafr-  sources. 

WATER  POLLUTIOH  CONTROL 

A water  pollution  control  program  has  many  facets.  The  concept 
of  preservinn  water  quality  for  legitimate  uses  is  f’undamental . Pro- 
jection for  various  uses  requires  establishment  of  criteria  for  various 
constituen* s which,  in  excess  or  by  a deficiency,  limit  uses.  The  most 
commonly  used  criteria  establish  protective  levels  for  dissolveu  oxygen, 
temperatur-  , dissolvei  s:jlids,  pH,  and  bacteria,  the  value  selected 
being  determined  by  tio-  use  or  uses  to  be  protected,  '^^rograms  to  pro- 
tec-j.  wa'.ers  r‘'cu'->-  institutional  and  legal  frEimeworks ; training  of 
personnel  to  o;:ern.' treajment  facilities;  pollution  ab'atement  by  in- 
plant  control  and/.;;-  treatment  facilities;  surveillance  of  quality  of 
waters;  surveillance  of  existing  or  potential  pollution  sources;  selective 
discharg''-  of  effluents  to  waters  or  land,  or  by  deep  well  injection;  and 
flow  T' -gal  o t ■ on . 

Tt  l.o‘>n-  .ijo.l  lty  A-t  c.f  i9A5  (P.L.  89-23^ ) ' pr  vi  des  f 'r  the 
est abli p.ronent  '...f  Federal  water  quality  standards  for  interstate  waters. 

The  States  were  given  the  opportunity  to  "adopt  (a)  water  quality 
criteria  -irT  I i cab  i jo  int ‘-■rr*:  ate  waters  or  portions  thereof  within 
such  St-i'-,  1 u ( :.■  1 j li  ai;  for  the  implemen*  cti  on  and  enf orcemen*  of 


the  wat'-c  -iiality  oriferia  and  if  such  criteria  and  plan  are  established 


in  accordajice  with  the  letter  of  intent,  and  if  the  Secretary  determines 
that  such  State  criteria  and  plan  are  consistent  with...  [legislative 
intent]...  such  State  criteria  and  plan  shall  thereafter  be  the  water 
quality  standards  applicable  to  such  interstate  waters  or  portions 
thereof. " 

The  standards  applied  to  the  waters  of  Appalachia  can  affect  the 
development  of  the  area.  Environmental  quality  and  water-based  recrea- 
tional opportunities  can  influence  industrial  location  decisions.  Costs 
of  control  and  treatment  measures  to  comply  with  the  standards  will  also 
be  a factor.  Provision  and  implementation  of  planning  on  a basin-wide 
basis  for  pollution  control  can  be  an  effective  tool  in  creating  both 
jobs  and  quality  of  the  environment. 

The  13  States  included  in  t)ie  Appalachia  area  met  a June  30, 

1967,  deadline  for  submission  of  standards  to  the  Secretary  of  the 
Interior.  As  of  April  1,  19^9,  interstate  stream  standards  from  all 
13  States  were  approved  in  whole  or  in  part.  Those  portions  of  the 
standards  of  the  various  States  which  were  excepted  from  approval  were, 
in  most  cases,  subject  to  discussions  and  action  to  resolve  exceptions. 

WATER  USES 


The  determination  of  uses  to  be  protected  is  a necessary  step  in 
developing  a logical  pollution  control  program.  In  carrying  out  the 
purpose  of  the  Water  Quality  Act  of  1965,  public  hearings  were  required 
to  allow  testimony  on  appropriate  uses  prior  to  establishing  standards. 

The  uses  generally  considered  for  surface  waters  include: 

Recreation  and  aesthetics 

Public  water  supply 

Fish,  other  aquatic  life,  and  wildlife 
Agriculture 

Industrial  water  supply 
Navigation 
Waste  assimilation 
WATER  QUALITY  CRITERIA 

The  U.S.  Department  of  the  Interior  established  National  Technical 
Advisory  Committees  to  recommend  appropriate  criteria  for  all  uses  mentioned 
in  Section  III,  "Water  Uses,"  excep*  navigation  and  waste  assimilation.  As 
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will  be  explained  later,  special  criteria  are  generally  not  required 
for  these  two  uses. 
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The  Interim  Report  of  the  National  Technical  Advisory  Committee 
(NTAC)  was  released  in  July  196?  and  is  being  used  for  guidance  in 
determining  suitable  standards.!./  Table  VIII  is  a synopsis  of  this 
interim  report  which  must  be  used  with  reservation,  since  it  is  subject 
to  many  qualifications  which  cannot  be  included  in  a synopsis  of  the 
original  report.  In  addition,  certain  water  quality  characteristics 
which  are  discussed  in  the  interim  report  and  have  application  in  at 
least  special  instances  are  excluded  from  the  exhibit. 


The  pollution  control  program,  at  least  for  interstate  waters, 
will  need  to  be  implemented  such  that  the  appropriate  uses  are  protected 
and  as  a consequence,  so  that  the  criteria  established  are  met.  The 
recommendations  of  the  NTAC's  Interim  Report  are  briefly  discussed  in 
Section  III,  under  "Water  Quality  Criteria."  The  interim  nature  of 
these  recommendations  should  be  recognized,  as  well  as  the  fact  that 
criteria  may  be  revised  in  the  future  as  a result  of  new  knowledge  of 
quality  needs  for  protection  of  various  uses. 

The  recommendations  of  the  NTAC's  report  should  not,  ho'wever,  be 
construed  as  the  criteria  that  will  apply.  For  interstate  waters  the 
water  quality  standards,  as  approved  by  the  Secretary  of  the  Interior, 
will  contain  the  appropriate  criteria  for  the  various  streams.  Because 
of  the  concurrent  development  of  this  appendix  and  establishment  of  the 
standards,  meaningful  incorporation  of  the  standards  into  this  appendix 
war.  not  possible. 


Aesthetics  a.nd  Recreation 


The  NTAC  recommended  the  following  requirements  for  aesthetics: 

i.  All  surface  waters  should  be  capable  of  supporting  life  forms 
of  aesthetic  value.  This  recommendation  is  made  in  recognition  of  the 
significance  of  fishes,  waterfowl,  and  other  water-dependent  species  to 
h'uman  aesthetic  satisfaction. 

...  ourface  waters  should  be  free  of  substances  attributable  to  dis- 
charges or  wastes  that  form  objectionable  deposits,  floating  matter,  odor, 
color,  taste,  or  turbidity,  and  that  are  toxic  or  cause  undesirable  aquatic 
life. 


— The  official  report  of  the  National  Technical  Advisorj'  Committee  to 
the  Secretary/  of  the  Interior  was  published  April  1,  1^68,  and  was 
entitled  "Water  Quality  Criteria";  it  is  for  sale  by  the  Supt.  of 
Documents,  U.C.  Government  Printing  Office,  Washington,  D.C.  20h02 
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The  recommended  requirements  for  recreation  are: 

1.  For  waters  not  involving  significant  risks  of  hioman  inges- 
tion, the  fecal  coliform  level  should  not  exceed  2,000  per  100  ml  in 
more  than  10  percent  of  the  samples,  nor  exceed  a geometric  mean  of 
1,000  per  100  ml.  Fishes,  waterfowl,  and  other  aquatic  life  should 
be  available  for  human  enjojinent  and  consumption. 

2.  For  waters  designated  for  primary  contact  recreation,  the 
fecal  coliform  level  should  not  exceed  a geometric  mean  of  200  per 
100  ml,  nor  exceed  UOO  per  100  ml  in  more  than  10  percent  of  the 
samples  for  a 30-day  period.  The  pK  should  be  within  the  range  of 
6.5  to  8.3,  except  when  caused  by  natural  causes,  but  in  no  case 
should  it  be  less  than  5 nor  more  than  9-0. 

Public  Water  Supply 

The  WTAC  recommended  the  following  requirements  for  untreated 
water  prior  to  conventional  treatment  for  public  water  supply  use. 

Constituent  or  Permissible  Desirable 

Characteristic  Criteria  Criteria 


Physical 

Color 

Odor 

Microbiological 

Coliform  organisms 
Fecal  conforms 

Inorganic 

Alkalinity 

Ammonia 

Chloride 

pH 

Organic  Chemicals 
Carbon  chloroform 
extract 

Methylene  blue 
active  substance 


75  (color  units) 

<10  (color  units) 

None  that  cannot  be  removed 

by  conventional  treatment 

10,000/100  ml 

< 

100/100  ml 

2,000/100  ml 

< 

20/100  ml 

30-500  mg/1 



0.5  (as  H)  mg/1 

< 

0.01 

250  mg/1 

< 

25 

6-8. 5 

— 

0.15  mg/1 


< O.OU 


0.5  mg/1 


virtually  absent 


The  recommended  permissible  values  for  the  following  constituents  are 
essentially  the  same  as  the  values  recommended  by  the  U.S.  Public  Health 
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Service  Drinking  Water  Standards:—  arsenic,  barium,  cadmium,  chromium, 
copper,  fluoride,  iron,  lead,  manganese,  nitrates,  seleni’um,  silver, 
total  dissolved  solids,  zinc,  cyanide,  phenols,  and  radioactivity.  The 
desirable  values  recommended  by  the  NTAC  for  these  constituents  are 
absence  or  virtual  absence  in  public  water  supplies. 

Fish,  Other  Aquatic  Life,  and  Wildlife 

The  NTAC  recommended  the  following  limits  on  constituents  for 
wildlife  and  freshwater  organisms: 


Constituent  or 

Characteristic  Limit 


Dissolved  solids 
pH 

Temp,  (warm  water  fishery) 
Alkalinity 

Temp,  (cold  water  fishery) 

Oxygen  (warm  water) 

Oxygen  (cold  water) 

CO2  (free) 

Oil 


Turbidity 


Floating  materials 
Tainting  substances 
Radioactivity 
Plant  nutrients 


Toxic  materials 


? 1/3  over  natural  concentration 
^ 50  miliosoles 


6-9 

= 5°  above  ambient;  max.  temp,  depends  on  area 
? 20  mg/1 

No  increase  over  ambient;  max.  winter,  55°  F. 


5 rag/1* 
5-7  mg/1 
^ 25  mg/1 


No  color,  film,  odor,  tainting,  of  fish, 
toxicity 


Stream  (warm)  ^ 50  Jackson  units 

Stream  (cold)  ^ 10  " " 

Lakes  (warm)  ^ 25  " " 

Lakes  (cold)  ^ 10  " " 

None  of  foreign  origin 

None 

None 

Carefully  controlled,  no  oxygen  decrease,  no 
radical  change  in  nitrogen  to  phosphorus  ratio 


^ 1/10  of  96  hrs  TI.JJJ 


— U.S.  Department  of  Health,  Education,  and  Welfare.  I962  Public  Health 
Service  Drinking  Water  Standards.  PHS  Publication  No.  956.  U.S. 
Government  Printing  Office,  Washington,  D.C.  20U02. 

*Under  extreme  conditions  the  dissolved  oxygen  concentrations  may'  range 
between  U rag/l  and  5 mg/1  provided  that  the  water  quality  is  favorable 
in  all  other  respects. 


D-31 


Agricxiltural  Uses 


Generally  this  use  is  protected  by  the  criteria  limitations 
imposed  by  other  uses  which  require  a higher  quality  water,  such  as 
aquatic  life  and  public  water  supplies.  The  recommended  require- 
ments by  NTAC  for  irrigation  use  are  generally  not  applicable  to 
the  relatively  high  rainfall  Appalachian  area,  where  irrigation,  if 
practiced  at  all,  is  supplemental  in  nature. 

Industrial  Uses 

Industrial  uses  are  generally  protected  by  criteria  for  other 
uses  whicn  require  a higher  quality  water,  such  as  aquatic  life  and 
public  water  supplies.  For  many  States  minimum  conditions  establishing 
aesthetic  conditions  applicable  to  all  waters  were  considered  suitable 
for  protecting  industrial  use.  Water  quality  needs  for  industry  vary 
considerably  by  type  of  industry.  Quality  beyond  the  basic  level 
established  by  minimum  conditions  may  require  in-plant  treatment 
for  those  industries  with  special  quality  needs. 

For  standards  purposes,  many  States  considered  public  water 
supply  criteria  applicable  for  those  industries  engaged  in  food 
processing . 

Navigation  and  Waste  Assimilation 

These  are  legitimate  uses  for  many  waters  in  Appalachia.  Water 
quality  criteria  for  these  uses  were  not  formulated.  Minimum  con- 
ditions for  all  waters  established  by  many  of  the  States  would  require 
no  special  criteria  for  these  uses. 

IMFLEMENT.'ITION  AliD  ENFORCEMENT  OF  WATER  POLLUTION  COIiTROL 

Implementation  and  enforcement  of  water  pollution  control 
requires  application  of  existing  technology  and  development  of  new 
technology  to  provide  answers  to  control  of  presejit  pollutants  and 
additional  pollutants  in  quantity  and  type.  Tlie  technological  ad- 
vancement of  an  industrial  society  is  the  source  of  both  greater 
volume  of  conventional  pollutants  and  new  potential  pollutants  from 
development  of  new  processes  and  new  industrial  and  consumer  products. 
Equally  important  is  providing  trained  personnel  to  plan,  construct, 
and  operate  pollution  control  facilities.  Underlying  the  basic  thrust 
in  pollution  control  is  the  provision  of  adequate  laws  and  institutional 
arrangements  to  efficiently  mobilize  the  various  human  and  material 
resources  into  an  effective  program  to  meet  Appalachian  and  national 
needs . 
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Control  Methods 


Various  alternate  methods  exist  for  control  of  pollution. 
Depending  on  the  pollutant  of  concern  and  the  circumstances  uniquely 
applicable  in  a specific  situation,  one  or  another  type  of  control, 
or  combination  of  controls,  will  be  favored.  Table  IX  lists  for 
various  types  of  pollutants  the  type  of  control  methods  that  would 
generally  be  favored. 

Source  Control 

The  term,  "source  control,"  as  used  in  this  appendix  describes 
process  change  or  refinement  to  reduce  quantities  of  pollutants. 

Also  included  in  the  definition  of  this  term  is  the  conversion  of 
potential  pollutants  into  useful  products  or  by-products.  An  example 
of  such  source  control  is  the  improvement  in  thermal  efficiency  of 
tiiermal  ej.ectric  power  plants.  As  a greater  proportion  of  therm.al 
energy  is  converted  into  usefuu  electrical  energy,  a lesser  amount 
of  waste  thermal  energy  per  unit  of  power  production  is  discharged 
into  the  environment.  Another  example  is  the  development  of  a wet 
oxidation  treatment  process  (Copelana-Container  process)  for  the 
treatment  of  sulfite  liquor  for  the  pulp  industry.  An  end  product 
of  this  treatme.nt  process  is  calcium  sulfate,  which  on  recovery,  can 
be  used  at  pulp  mills  using  the  sulfate  process. 

The  increased  emplojinent  indicated  by  benchmark  goals,  along 
with  projected  productivity  increases,  results  in  large  increases  in 
projected  industrial  production  over  present  levels.  Source  control 
methods  can  be  expected  to  be  an  important  element  in  protection  of 
Appalachia's  water  resources. 

Waste  Collection 

Basic  to  protection  of  the  environment  is  collection  of  wastes 
such  that  community  health  is  protected.  This  study  assumes  liquid 
wastes  are  effectively  collected  and  transmitted  to  waste  treatment 
plants.  A major  problem  in  some  areas  is  that  resulting  from  storm 
water  runoff.  A common  collection  system  for  storm  water  runoff  and 
sanitary  wastes  contributes  to  the  water  pollution  problem.  Present 
policies  are  to  provide  separate  facilities  for  storm  water  runoff 
and  sanitary  wastes  in  new  construction.  A research  and  demonstration 
grant  program  of  FWPCA  is  now  under  way  to  provide  a better  insight 
into  possible  methods  of  separation,  treatment,  or  other  means  of 
collecting  and  controlling  such  wastes. 
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sedimentation  either  with  or  without  chemical  addition. 

^This  includes  processes  .not  conxiorj.y  used  at  present  includiru;  reverse  os.mosis,  electrodialysis,  distillation,  carbon  filtration,  and 
foam  separation. 

^This  includes  augmentation  of  streamflow  from  impo'unded  water  and  iiapoui.dment  of  wastes  until  discharge  is  possible  at  a time  when  effect 
on  water  quality  is  minimal. 


Waste  Treatment 

Conventional  waste  treatment  measures  for  municipal  wastes 
include: 

1.  Screening  and  sedimentation  of  solids  wastes. 

2.  Digestion,  incineration,  or  filtration  of  sludges. 

3.  Biological  treatment  of  primary  effluents. 

i*.  Disinfection  of  effluents. 

Conventional  treatment  measures  for  industrial  wastes  include,  in 
addition  to  those  for  municipal  wastes: 

1.  Neutralization. 

2.  Flotation. 

3.  Chemical  precipitation. 

t . Chemical  oxidation-reduction  and  other  reactions  to  convert 
pollutants  to  a nonpollutional  form  (such  as  chlorination  for  conver- 
sion of  cyanides  to  nontoxic  chemical  forms). 

For  biodegradable  municipal  and  industrial  wastes,  primary 
(removal  of  settleable  solids)  and  secondary  (biological  treatment) 
treatment  phases  or  equivalent  treatment  are  defined  as  adequate 
treatment.  For  evaluation  purposes  this  degree  of  treatment  is 
considered  capable  of  85  percent  removal  of  the  5-day  biochemical 
oxygen  demand  (BOD) . 

The  estimated  cost  of  upgrading  treatment  to  the  level  of 
secondary  for  those  communities  discharging  untreated  wastes  or  those 
providing  less  than  secondary  treatment  is  $275,000,000.  This  is 
exclusive  of  construction  of  collection  and  interceptor  sewers  and 
pump  stations.  Costs  are  those  c\,rrent  in  early  I967.  This  vol'ome 
of  construction  would  provide  secondary  treatment  for  all  communities 
by  approximately  1972  or  earlier  where  so  planned.  The  annual  average 
investment  for  secondary  treatment  at  the  early  I967  cost  level  after 
this  period  is  estimated  at  $25,000,000.  A subregion  breakdown  of 
estimated  costs  to  initially  provide  complete  secondary  treatment  is 
shown  below  in  millions  of  dollars: 


D-35 


,L 


33 

F 

- 8U 

6t 

G 

- 27 

0.7 

H 

- 1.5 

7 

I 

- 3 

35 

J 

- 15 

Should  this  level  of  treatment  be  insufficient  to  protect 
legitimate  uses,  measures  beyond  secondary  treatment  are  considered 
and  evaluated  on  a case-by-case  basis.  These  measures  may  include 
flow  regulation  or  supplemental  treatment  for  the  removal  of 
additional  solids,  organics,  nutrients,  or  minerals.  Often  supple- 
mental treatment  can  be  provided  without  construction  of  additional 
treatment  units.  Examples  include  polyelectrolyte  treatment  in  the 
primary  settler  for  improved  solids  removal  or  mineral  addition  to 
the  aerator  for  improved  phosphate  removal. 


Tertiary  or  third-stage  treatment  may  be  required  depending 
on  effluent  quality  criteria.  Tertiary  treatment  processes,  grouped 
according  to  type  of  contaminant  removed,  include: 


1.  Suspended  solids 

a.  Screening 

b.  Coarse  media  filtration 

2.  Phosphate 

Alum  or  lime  clarification  with  dual  media  filtration. 

3.  Organics 

a.  Granular  carbon  adsorption 

b.  Powdered  carbon  adsorption 
U.  Dissolved  solids 

a.  Electrodialysis 

b.  Reverse  osmosis 

c . Ion  exchange 


basic 


The  Advanced  Waste  Treatment  Branch  of  the  FWPCA  is  conducting 
research  and  pilot  plant  investigations  to  determine  the  costs 
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of  these  and  other  tertiary  treatment  techniques,  to  improve  treatment 
efficiencies  and  to  find  solutions  to  the  operating  problems  that  nay 
arise  in  the  use  of  these  methods. 

Treatment  technology  is  currently  available  to  provide  almost 
any  degree  of  treatment,  ranging  from  effluent  polishing  to  the  pro- 
duction of  potable  water.  Figure  shows  a complete  renovation  system 
incorporating  selected  tertiary  treatment  processes.  This  flow  sheet 
represents  only  one  possible  treatment  sequence.  Operating  costs  will 
vary  with  plant  sizes;  therefore,  costs  for  smaller  installations  will 
exceed  the  indicated  values. 

The  indicated  cost  is  for  a 10  million  gallon  per  day  treatment 
plant  receiving  a typical  municipal  waste.  The  cost  Including  plant 
amortization  is  $0.43  per  1,000  gallons  in  excess  of  conventional 
secondary  treatment  costs.  This  cost  for  reuse  can  be  compared  with 
other  potential  sources  of  municipal  water  supply.  A fair  comparison 
should  include  costs  of  source  development  and  transmission  where  nec- 
essary and  treatment  required  for  potability.  For  uses  requiring  a 
lesser  quality  of  water,  suci.  as  for  some  industrial  water  supply  pur- 
poses, a lesser  cost  for  advanced  waste  treatment  would  be  appropriate 
for  direct-use  comparison.  In  addition,  where  the  effluent  is  discharged 
to  a stream  and  water  quality  is  not  adequately  protected  by  secondary 
treatment,  something  less  than  complete  renovation  may  be  an  alternate 
to  other  possible  pollution  control  measures. 

Effluent  Discharge 

A water  pollution  control  program  in  an  area  may  consider  several 
alternates  in  discharge  of  effluents.  Included  a2'e  discharge  to  one  or 
another  of  the  surface  waters  of  an  area,  discharge  on  the  land,  or 
discharge  to  suitable  subsurface  geological  formations. 

The  surface  waters  of  an  area  are  the  most  commonly  utilized  to 
receive  the  discharge  of  municipau  and  industrial  effluents.  In  some 
instances  pumping  effluents  to  an  adjacent  basin  may  serve  to  best 
protect  wacer  resources  by  protecting  unique  water  quality  values  or 
where  insufficient  dilution  water  exists  in  the  basin  in  which  an 
effluent  originates.  In  much  of  Appalachia  the  terrain  would  require 
a considerable  pumping  head  to  discharge  over  a drainage  aivide  to 
another  basin. 

Discharge  of  effluents  on  the  land  is  practiced  for  some  effluents. 
Generally,  this  is  most  advantageous  in  arid  and  semi-arid  areas  where 


^ / 

— "Solviijg  Our  Water  Problems,  Water  Henovation  and  Reuse,"  Weinberger, 
Stephan,  and  Middleton,  rWCA,  U.i'.  Department  of  the  I.nterior. 
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FIGURE  2 GENERALIZED  WATER  RENOVATION  SYSTEM,  SERIES  FLOW 


iMiMMiariiiHi 


water  is  a premium  commodity  and  wnere  water-logginf  of  the  soil  will 
not  occur.  A relatively  flat  or  ge!;t.^y  rolling  terrain  is  also  gen- 
erally advantageous.  In  Appalachia  tl.v  ;.igh  rainfall  and  steep  terrain 
hinder  extensive  use  of  this  discharge  method.  In  certain  specialized 
instances  this  method  of  discharge  may  be  advantageous  and  should  not 
be  overlooked. 

The  most  desirable  method  for  disposing  of  oil  field  brines 
is  to  retui’n  them  to  a deep  underground  geologic  horizon,  either 
the  one  from  which  they  were  removed  originally,  or  another  similar 
horizon.  Underground  disposal  is  also  applicable  to  small  volumes 
of  industrial  wastes  that  are  difficult  to  treat  or  highly  pollutional. 
Deep-well  industrial  waste  disposal  is  expected  to  be  increasingly  used 
as  pollution  control  is  enforced  and  the  teclinology  of  underground 
disposal  is  advanced.  A study  should  be  made  to  determine  the  extent 
to  which  deep-well  disposal  of  wastes  may  be  technically  feasible  in 
Appalaciiia  and  to  recommend  criteria  and  procedures  for  regulation 
of  such  disposal. 

Flow  Regulation 

Flow  regulation  as  used  in  tnis  appendix  is  defined  as  a 
modification  of  streamflow  or  waste  discharge  to  produce  the  mini-mum 
detrimental  effect  on  water  uses.  This  includes  storage  of  dilution 
water  or  storage  of  wastes  for  release  at  a more  advantageous  time. 
Storage  of  effluents  after  secondary  treatment  is  sometimes  used  as 
a polishing  treatment  wjjere  higher  than  normal  treatment  measures  are 
indicated.  For  nonbiodegradable  wastes,  storage  acts  to  allow  discharge 
at  sucli  time  as  minimum  detrimental  effect  will  result  to  water  uses. 
Storage  of  water  for  later  flow  augmentation  is  generally  not  considered 
suitable  for  control  of  bacterial  pollution  or  for  toxic  materials  wnich 
should  be  removed  by  treatment.  Storage  of  water  for  later  flow  augmen- 
tation to  assimilate  residual  biodegradable  wastes  (after  secondary  or 
higher  degrees  of  treatment)  is  evaluated  on  a nroject-by-project  basis 
for  federally  constructed  reservoirs  under  provisions  of  the  Federal 
Water  Pollution  Control  Act. 

Personnel  and  Training  Weeds 

The  Federal  Water  Pollution  Control  Administration  has  conducted 
a study  resulting  in  a report  entitled  "Manpower  and  Training  Needs  in 
Water  Pollution  Control. "£/  Tliis  study  assessed  national  needs  for 
trained  personnel  for  water  pollution  coiitrol  accruing  from  recent 
acceleration  in  construction  rates  of  municipal  and  industrial  waste 
plants,  anu  projected  acceleration  resulting  from  I965  and  1966 
amendments  to  the  Federal  Water  Pollution  Control  Act. 


•:.'u.meut  ;jo.  I4U,  90th  Congress,  1st  Cession,  August  ?,  lytT. 
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The  neeas  for  none  trained  personnel  accrue  not  only  from 
additional  construction  of  waste  treatment  facilities,  but  also 
from  more  complex  installations  requiring  more  highly  trained 
operating  staff.  The  acceleration  produces  demands  for  personnel  by 
consulting  engineers,  State  agencies,  municipalities,  and  industry. 
Table  X shows  manpower  requirements,  based  on  an  estimate  that  10 
percent  of  the  national  needs  can  be  ascribed  to  the  Appalachian  area. 
Other  conclusions  derived  from  the  referenced  study  include: 

Mandatory  licensing  of  sewa,ge  trfatment  plant  operators 
on  tne  basis  of  demonstrated  efficiency  has  the  combined  effects  of 
improved  plant  operations  and  improvea  employee  status.  The  follow- 
ing States,  all  or  partially  in  the  Appalachian  area, have  such  licensing 
requirements:  Kentucky,  .’-'aryland.  New  York,  Ohio,  Vest  Virginia,  and 

Pennsylvania. 


2.  "a  cooperative  government-wide  education  and  training  program 
should  be  developed  wiiich  will  make  full  use  of  other  federally  assisted 
programs  for  developing  professional  and  vocational  schools. "i/'  For  ' 
the  Appalaciiian  area,  FWPCA,  cooperating  with  ti.e  States  and  the  Depart- 
ment of  Health,  Education,  a2id  V/elfare,  should  investigate  the  educa- 
tional opportunities  provided  in  the  Appalachia  Regional  Bevplopment  Act 
as  well  as  other  opportunities  to  .meet  training  needs  for  water  pollution 
control . 

Legislation 

To  conduct  a more  effective  pollution  control  program  the  follow- 
ing legislation  is  considered  desii-aiie: 

1.  Legislation  and  funding  to  allow  coKmiunities  to  take  advantage 
of  the  more  liberal  grant  provisions  j-'  the  1966  amen'iments  to  the 
Feaeral  W-itcr  Pollution  Control  Act.  These  a.mendments  allow  a Federal 
grant  up  to  55  perrent  of  fne  eligi;!’.  pcrti'-ns  of  municipal  waste 
treatment  facilities  contingent  on  a State  grant  of  25  percent  of  the 
eligible  portioi..  Among  the  13  Appalachian  States,  only  the  States 
of  New  Yore,  and  Maryland  nave  provisions  for  tl:is  level  of  State 
par*ici ; a; ■ en  at  tnis  time. 

. . it  Jeral  V/ater  Pollution  Control  Administration  officials  in 
CO  'peefc,  ■ with  tl.e  Association  of  State  and  Interstate  Water  Pollution 
' r.trei  A ir.lr.is* rators  developed  a "Suggested  State  Water  Pollution 
i - n*  !•':  I in  November  1965-  This  is  a consensus  of  desirable  elements 

in  a act  to  coi.trol  water  poiiu'.i - n.  The  various  States  should 

r-'view  ir  present  legislative  provisions  and  where  pollution  control 
•a  nnot  :•  ai'-  juately  carriei  out,  revisions  cr  a new  act  should  be  for- 
muiatt  :. 


— nvni:  ■ 
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3.  As  indicated  in  Section  III mandatory  certification' 
of  sewage  treatment  plant  operators  is  considered  a method  of  improving 
water  pollution  control.  Those  States  not  now  requiring  such  certi- 
fication should  consider  changes  to  include  this  requirement. 

U.  Since  the  basic  planning  and  implementation  of  water  quality 
control  should  logically  be  conducted  by  a river  basin  approach,  more 
basin  compacts  can  be  expected.  Legislation  to  allow  this  type  of 
interstate  cooperation  should  be  provided  where  ana  as  the  need  arises. 

Regardless  of  present  legislative  adequacy  of  the  various 
States,  laws  should  be  reviewed  periodically  to  determine  what  changes 
might  be  desirable  to  better  implement  w-ater  pollution  control.  Some 
of  these  may  result  from  changing  needs  or  to  take  better  advantage 
of  provisions  of  Federal  legislation.  The  test  way  to  ensure  adequate 
laws  is  by  having  the  water  pollution  control  agencies  of  the  .''tates 
communicate  their  legislative  needs  to  the  public  and  legislators. 

Institutions 


"V/ithin  the  creative  federalism  that  has  become  a distinguishing 
characteristic  of  the  Governmental  structure  of  the  ''nited  States,  the 
responsibility  for  managing  the  water  and  relatea  land  resources  of 
the  nation's  river  basins  is  shared  among  Federal,  State,  and  local 
governments  and  private  enterprises. 

"To  avoid  clashes  among  these  separate  efforts  and  to  enable 
them  to  contribute  to  the  harmonious  development  of  river  basin 
resources,  institutional  arrangements  are  needed  to  facilitate  the 
participation  of  all  tiie  operating  agencies  in  a responsible  management 
structure.  A number  of  such  arrangements  have  grown  up  and  each  of  them 
has  some  strengths  and  some  weaknesses.  As  the  pressures  upon  river  basin 
resources  increase,  more  sophisticated  mechanisms  may  be  required  for 
these  purposes . "i/ 

The  design  of  institutional  arrange.ments  for  river  basin 
mangement  is  of  obvious  value  in  the  development  of  a long-range 
program  for  the  management  of  water  supply  and  pollution  control. 

However,  the  goal  of  the  Appalachian  resource  study  is  the  development 
of  a sliort-range  action  program,  'whose  implementation  will  depend,  of 
necessity,  upon  the  existing  institutions. 

The  five  FWPCA  Regions  involved  in  this  study  will  be  working 
within  the  existing  institutional  framework  in  an  effort  to  imxrove 
the  management  of  water  supply  and  pollutio!'.  control.  The  FV.TCA  will 
continue  to  cooperate  with  existing  interstate.  State,  and  local 


— Stewart  L.  Udall,  Alternative  Institutional  Arrangements  for  Managing 
River  Basin  Operations,  Water  Iiesoiirces  Council,  August  19fci7 . 
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governments  as  it  establishes  new  lines  of  communication,  strengthens 
existing  ones,  and  improves  the  coordination  of  mutually  supporting 
activities.  The  geographical  boundary  of  the  study  area  neither 
coincides  with  FWPCA  regional  boundaries  nor  with  river  basin  boundaries 
and  thus  coordinating  activities  are  somewhat  complicated.  However, 
a healthy  recognition  of  this  complexity  is  the  first  step  in  its 
management . 

For  the  purposes  of  this  study,  it  is  sufficient  to  recognize 
that  short-range  programs  will  rely,  primarily,  upon  existing  insti- 
tutions for  their  implementation.  However,  institutional  design 
should  be  incluaed  in  the  development  of  any  long-range  resoiurce 
management  program  for  the  Appalachian  region. 

WATEK  QUALITY  PROBLEMi- 


Water  quality  problems  for  each  water  area  are  discussed  in 
the  individual  water  area  resumes  and  in  the  project  reports.  Sections 
IV  and  V,  respectively.  One  method  of  grossly  assessing  the  existence 
of  water  quality  problems  is  a record  of  fish  kills  in  an  area.  In 
the  following  paragraph  a summarisation  of  reported  fish  kills  for 
1966  is  presented  for  the  Appalachian  study  area. 

Reported  Fish  Kills  in  Appalachia  in  1966 

Table  XI  is  extracted  from  "Fish  Kills  by  Pollution,  1966, 

Seventh  Annual  Report,  FVrCA."  This  tabulation  reflects  a reported 
9,115,000  fish  killed  in  the  United  States  and  about  3,000,000  in 
Appalachia.  Mining  and  food  and  kindred  products  operations  were 
responsible  for  the  majority  of  the  reported  fisii  killed  in  Appalachia 
in  1966.  Most  of  the  fish  reported  killed  by  mining  in  the  U.S.  can 
be  attributed  to  occurrences  in  Appalachia.  The  fish  killed  by  food 
and  kindred  products  operations  in  Appalachia  were  almost  completely 
caused  by  one  incident;  therefore,  the  1966  percentage  figure  for  this 
one  catefory  may  not  be  representative  of  what  would  oe  the  distribution 
in  most  years.  Agricultural  operations  were  a considerably  lesser 
relative  cause  of  fisii  kills  in  Appalachia  in  I9U'-  tiian  in  t;ie  nation 
as  a whole. 
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Fish  Kill  Smnmary  by  Source  of  Pollution 
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WATER  AREA  A RESUME 


WATER  SUPPLY  REQUIREMENTS 


Present 


The  current  needs  (see  Table  A)  are  being  met  predominately 
from  surface  sources  requiring  conventional  treatment  prior  to 
municipal  use.  About  70  percent  of  the  municipal  and  industrial 
water  use  in  water  area  A is  in  the  Scranton  and  Wilkes-Barre  Standard 
Metropolitan  Statistical  Areas  (SMSA) . 

Future 


Generally,  sufficient  water  is  available  to  meet  the  water 
supply  needs  on  an  area-wide  basis  if  water  quality  programs  are 
successful.  The  Scranton  area  is  expected  to  outgrow  its  present 
water  supply  sources;  however,  insured  flows  in  the  Susquehanna  River 
should  be  sufficient  to  meet  the  area's  needs.  Studies  of  ground 
water  in  Subregion  A should  continue  to  be  expedited  and  the  role 
of  ground  water  in  meeting  the  water  needs  defined  in  an  integrated 
plan  of  surface  ground  water  management. 

Release  of  water  from  storage  in  reservoirs  in  water  area  A 
as  well  as  from  other  portions  of  Appalachia  can  serve  to  prevent 
intrusion  of  saline  water  up  the  Delaware  Estuary  to  the  Philadelphia 
water  intake  during  extreme  low-flow  periods . 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

The  streams  of  Subregion  A are  affected  by  a variety  of  problems 
affecting  water  quality.  Foremost  of  these  are  mine  drainage,  inade- 
quately treated  municipal  and  industrial  wastes,  nutrient  concentrations 
and  sediment  problems . 

Mine  drainage  is  a problem  in  the  counties  of  Lackawanna,  Luzerne, 
Carbon,  and  Schuylkill.  Major  streeims  affected  by  mine  drainage  include 
the  Susquehanna,  Lackawanna,  Lehigh,  and  Schuylkill  Rivers.  (For  more 
detail  on  this  pollution  problem  see  Appendix  C.) 

Inadequately  treated  municipal  and  industrial  wastes  degrade 
the  Lackawanna  River  and  cause  bacterial  pollution  problems  in  portions 
of  the  water  area. 
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Nutrient  enrichment  causing  algal  blooms  is  a problem  in  lakes 
and  reservoirs  in  Wayne,  Pike,  and  Monroe  Counties  and  is  a potential 
problem  in  the  Tocks  Island  Reservoir. 

Sediment  from  mine  drainage  sources  and  from  agricultural  runoff 
affect  many  streams . For  the  Schuylkill  River  sediment  from  such 
sources  contribute  to  an  approximately  one-half  million  dollar  annual 
maintenance  dredging  program. 

Water  Pollution  Control  Program 

Provision  of  secondary  treatment  with  effective  disinfection 
and  an  equivalent  level  of  treatment  for  industrial  wastes  should 
provide  adequate  levels  of  dissolved  oxygen  for  most  streams  in  the 
water  area.  Significant  growth  in  the  Scranton  area  would  require 
that  additional  measvires  such  as  flow  augmentation  and  advanced  waste 
treatment  be  considered  to  protect  the  Lackawanna  River.  Measures  to 
protect  waters  of  the  area  include  a trunk  line  sewerage  system  for 
the  Tocks  Island  area  to  reduce  pollution  in  Pike  and  Monroe  Counties. 

The  Beltzville  Reservoir  under  construction  has  storage  allocated  to 
water  quality  control  for  the  Lehigh  River  in  the  Carbon  County  area. 

Acid  pollution  control  measures  under  way  include  a chemical 
neutralization  plant  on  the  Lackawanna  River,  2 miles  above  the 
confluence  with  the  Susquehanna  River  in  Luzerne  County.  (For 
greater  detail  on  mine  drainage  pollution  control  see  Appendix  C.) 

Nutrient  enrichment  problems  are  expected  to  increase  and  programs 
for  control  of  nutrients  will  be  necessary  to  protect  the  waters  of  the 
area.  These  programs  will  require  planning  and  control  from  municipal, 
industrial,  and  agricultural  sources. 

Table  A 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  Meet  Benchmark  Goals 


i960  1980  2000  2020 

160  280  550  920 

Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

TTO  970  1650  2650 
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Appendix  D 

WATER  AREA  A MAP 


WATER  AREA  B-1  RESUME 
WATER  SUPPLY  REQUIREMENTS 
Present 

In  water  area  B-1  water  use  by  municipalities  and  industries 
is  concentrated  in  Binghamton,  New  York,  and  the  many  moderate-sized 
communities  in  the  area.  Present  municipal  and  industrial  water  use 
in  shown  in  Table  B-1.  Drilled  wells  and  the  Susquehanna  and  Chemung 
Rivers  are  the  principal  sources  of  municipal  and  industrial  water 
supply  in  the  area. 

Future 

Future  water  supply  needs  and  possible  alternatives  for  meeting 
these  needs  are  currently  being  evaluated  by  a comprehensive  study 
of  the  Susquehanna  River  Basin.  Preliminary  findings  of  this  study 
indicate  that  with  proper  development,  surface  and  ground  water 
resources  will  adequately  meet  projected  2020  water  supply  needs  in 
the  area. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems  i 

The  water  quality  in  some  reaches  of  the  major  stream  within 
the  area  is  degraded  to  the  extent  that  the  beneficial  use  of  the  : 

stream  is  severely  limited.  The  degradation  of  water  quality  is 
caused  primarily  by  the  discharge  of  inadequately  treated  municipal 
wastes.  As  a result  of  inadequately  treated  wastes,  a 20-mile  reach 
of  the  Susquehanna  River  below  Binghamton,  New  York,  is  one  of  the 

most  degraded  reaches  of  stream  within  the  entire  Susquehanna  River  ' 

Basin.  Localized  pollution  problems  exist  downstream  from  the  many 
moderate-sized  communities  in  the  area.  Mine  drainage  causes  a major 
pollution  problem  in  the  upper  reaches  of  the  Tioga  River.  Mine  drain- 
age pollution,  originating  in  the  small  headwater  tributaries,  adversely 
affects  over  36  miles  of  the  Tioga  River.  Pollution  associated  with 
excessive  nutrient  loadings  are  a problem  in  inland  lakes  and  reservoirs, 
especially  Cayuga  and  Seneca  Lakes.  Present  municipal  and  industrial 
waste  loadings  in  the  area  are  shown  in  Table  B-1. 

Water  Pollution  Control  Program  ^ 


None  of  the  existing  reservoirs  in  the  area  has  storage  allocated 
to  water  quality  control.  Projected  future  waste  loadings  and  assimilation 
studies  conducted  during  the  course  of  the  comprehensive  study  of  the 


Susquehanna  River  indicate  that  higher  levels  of  waste  treatment, 
in-plant  process  waste  control,  flow  augmentation,  and,  in  some  cases, 
waste  diversion  should  be  considered  in  order  to  achieve  desirable 
stream  uses . 


Table  B-1 


Water  Supply  Meeds  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980 

152  250 


2000  2020 

U70  910 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 


i960  1980 

6U1  lUOO 


2000  2020 

2700  5050 
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WATER  AREA  B-1  MAP 


WATER  AREA  B-2  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


Present  municipal  and  industrial  water  supply  use  is  predominantly 
concentrated  in  the  Altoona  and  Johnstown  SMSA  (Standard  Metropolitan 
Statistical  Area)  and  the  moderate-sized  communities  throughout  the 
area.  The  major  use  of  industrial  process  water  is  in  the  manufacture 
of  chemicals  and  paper  products.  The  largest  single  industrial  water 
use  of  approximately  25  mgd  is  by  the  Merck  and  Company  chemical  plant 
in  Northumberland  County.  Present  municipal  and  industrial  water  uses 
are  shown  in  Table  B-2. 

Future 


Generally,  municipal  and  industrial  water  supply  requirements 
in  the  area  for  the  year  2020  can  be  met  by  developing  existing 
surface  and  ground  water  resources.  However,  the  Altoona  and  Tyrone 
areas  in  the  headwaters  of  the  Juniata  River  Basin  are  expected  to 
experience  serious  water  supply  problems  in  the  future.  In  the  case 
of  Altoona,  it  may  be  necessary  to  consider  water  import  from  other 
basins  or  the  complete  treatment  and  reuse  of  water  in  order  to  meet 
anticipated  water  supply  demands. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Because  of  the  relative  large  volume  of  flow  in  the  major 
streams  of  area  B-2,  current  municipal  and  industrial  was  be  discharge 
practices  do  not  seriously  restrict  most  beneficial  usage  of  the  major 
streams.  However,  localized  pollution  problems  do  exist  immediately 
downstream  from  some  municipal  and  industrial  discharge  points. 
Pollution  problems,  mainly  associated  with  industrial  discharges, 
currently  occur  in  North  Bald  Eagle  Creek  and  West  Branch  in  the 
vicinity  of  Lock  Haven,  Pennsylvania;  West  Branch  Susquehanna  River 
near  Milton,  Pennsylvania;  and  the  Susquehanna  River  below  Danville, 
Pennsylvania.  The  water  quality  in  several  tributary  streams  is  con- 
tinuously degraded  by  mine  drainage  pollution,  and,  during  periods  of 
high  tributaiy  runoff,  the  waters  in  the  main  stems  of  the  Susquehanna 
and  West  Branch  are  subject  to  intermittent  degradation  from  "slugs" 
of  mine  drainage  pollution.  Present  municipal  and  industrial  waste 
discharges  are  shown  in  Table  B-2. 
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Water  Pollution  Control  Program 


Studies  based  on  municipal  and  industrial  waste  load 
projections  developed  by  the  Middle  Atlantic  Region  indicate  that 
in  order  to  maintain  the  desirable  water  use  in  the  major  streams 
in  area  B-2,  consideration  should  be  given  to  upgrading  current 
municipal  and  industrial  waste  treatment  practices,  in-plant 
process  waste  improvement,  and  flow  regulation  for  water  quality 
control.  The  multipurpose  Blanchard  Reservoir  Project,  now  under 
construction  in  the  North  Bald  Eagle  Creek  Basin,  could  possibly 
supply  some  of  the  low-flow  augmentation  needed  in  the  Lock  Haven 
Area. 


For  further  detail  on  mine  drainage  control  needs  see 
Appendix  C. 


Table  B-2 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980 

223 


2000  2020 

780  1230 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

2685  3700  5650  9800 
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WATER  AREA  B-3  RESUME 


WATER  SUPPLY  REQUIREMENTS 


Present 


In  water  area  B-3  water  use  by  municipalities  is  dispersed 
between  the  many  small-  to  moderate-sized  communities  throughout 
the  area.  The  largest  use  of  industrial  water  is  associated  with 
the  manufacture  of  chemical  and  paper  products  in  the  North  Branch 
of  the  Potomac  River.  Present  municipal  and  industrial  water  uses 
are  shown  in  Table  B-3. 

Future 


The  surface  and  ground  water  resources  of  the  area  appear 
to  be  adequate  to  meet  future  water  supply  requirements . In  the 
North  Branch  Basin  the  increase  in  dependable  flow  provided  by  the 
authorized  Bloomington  Reservoir  Project  will  meet  anticipated 
industrial  and  municipal  water  supply  needs  through  the  year  2020. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

The  most  widespread  pollution  problem  in  the  area  is  associated 
with  mine  drainage  discharge  which  adversely  affects  the  water  quality 
of  the  North  Branch  Potomac  River  from  its  headwaters  to  the  mouth. 
Because  of  inadequate  treatment  practices,  localized  pollution  problems 
exist  below  many  municipal  and  industrial  waste  discharge  points. 
Pollution  problems  associated  with  municipal  and  industrial  waste 
discnarges  occur  in  the  North  Branch  below  Luke,  Maryland,  Amcelle, 
Maryland,  and  Cumberland,  Maryland.  Present  municipal  and  industrial 
waste  loadings  are  shown  in  Table  B-3. 

WATER  POLLUTION  CONTROL  PROGRAM 


The  U.S.  Army  Corps  of  Engineers  has  been  authorized  to 
construct  a multipurpose  dam  on  the  North  Branch  Potomac  River  at 
Bloomington  which  will  beneficially  affect  the  downstream  water  quality. 
Based  on  the  projection  of  future  waste  loadings  in  the  North  Branch, 
studies  indicate  that  the  increase  in  dependable  flow  supplied  by  the 
Bloomington  Reservoir  Project,  coupled  with  adequate  treatment,  will 
provide  a water  quality  in  the  North  Branch  which  will  support  most 
beneficial  uses,  contingent  upon  the  solution  to  the  mine  drainage 
problems . 

For  further  detail  on  mine  drainage  problems  and  possible 
control  measures  see  Appendix  C. 
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Table  B-3 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980 

132  180 


2000  2020 

300  510 


Untreated  Waste  Loadings  (P.E,  in  1,000 
Accruing  from  Benchmark  Goals 

i960  1980  2000 

641  717  1130 


2020 

1900 


JC 
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WATER  AREA  C RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

In  water  area  C,  water  use  by  municipalities  and  industries 
is  centered  predominantly  in  the  Clifton  Forge-Covington  area. 
Process  water  for  the  production  of  pulp  and  paper  products  con- 
stitutes the  major  use  of  water  in  the  area.  Water  supply  is 
obtained  mainly  from  surface  water  sources,  primarily  the  Jackson 
River.  Present  municipal  and  industrial  water  uses  are  shown  in 
Table  C . 

Future 


Existing  and  proposed  development  of  ground  and  surface  water 
resources  of  the  area  appear  to  be  adequate  to  meet  projected  future 
water  supply  requirements . 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Water  quality  in  the  major  streams  is  generally  suitable  to 
satisfy  most  beneficial  uses.  Because  of  industrial  waste  discharges, 
localized  degradation  of  water  quality  occurs  in  the  Jackson  River 
below  the  Clifton  Forge-Covington  area.  Present  municipal  and  indus- 
trial waste  loadings  are  shown  in  Table  C. 

Water  Pollution  Control  Program 

The  Gathright  Reservoir,  which  is  under  construction  in  the 
headwaters  of  the  James  River,  will  provide  flow  regulation  for 
water  quality  control  in  the  Clifton  Forge-Covington  area.  When 
completed,  flow  from  this  reservoir  should  satisfy  water  quality 
demands  through  the  year  2020. 
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Table  C 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 


Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


Untreated  Waste  Loadings  (P.E.  in  1.000's) 
Accruing  from  Benchmark  Goals 


Idminishation 


WATER  AREA  D-1  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


The  major  water  supply  stream  in  this  area  is  the  Yadkin  River, 
which  serves  as  the  principal  source  for  the  Winston-Salem  SMSA.  The 
W.  Kerr  Scott  Reservoir  on  the  Yadkin  River  is  the  major  water  supply 
impoundment . 

The  water  use  by  the  industries  and  municipalities  is  generally 
widespread  among  the  many  communities  within  water  area  D-1.  The  one 
exception  is  the  Winston-Salem  SMSA,  which  uses  approximately  four  to 
five  times  the  amount  of  water  used  elsewhere  in  the  water  area. 
Municipal  and  industrial  water  uses  are  presented  in  Table  D-1. 

Future 


Based  on  river  basin  studies  by  the  Middle  Atlantic  Region 
in  water  area  D-1  there  are  indications  that  the  present  streamflows, 
ground  water  supplies,  and  existing  reservoirs  will  be  sufficient  to 
satisfy  the  water  needs  of  the  area,  which  includes  the  Winston-Salem 
SMSA  through  the  year  2020. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Water  quality  of  the  streams  in  the  area  is  generally  of  such 
quality  that  the  beneficial  uses  of  the  water  are  not  impaired.  An 
exception  is  Muddy  Creek  and  its  tributary  Salem  Creek,  the  immediate 
receiving  stream  which  has  a definite  water  quality  problem  in  terms 
of  dissolved  oxygen  associated  with  the  BOD  loading  from  the  Winston- 
Salem  SMSA.  Present  municipal  and  industrial  raw  waste  loadings  are 
presented  in  Table  D-1. 

Water  Pollution  Control  Program 

River  basin  studies  by  the  Middle  Atlantic  Region  indicate 
that  the  base  flow  of  the  streams,  plus  planned  reservoirs  in  the 
Yadkin  River  Basin  will  be  sufficient  to  maintain  water  quality 
objectives,  except  in  Muddy  Creek.  Engineering  studies  are  under 
way  by  the  city  of  Winston-Salem  and  its  consulting  engineers.  The 
Federal  Water  Pollution  Control  Administration  is  assisting  the 
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North  Carolina  Board  of  Water  and  Air  Resources  in  determining  the 
waste  assimilative  capacity  of  Salem  and  Muddy  Creeks  hy  mathematical 
model  basin  study  techniques,  and  corrective  measures  are  due  to  be 
constructed  and  placed  in  operation  on  or  before  July  1,  1970.  The 
proposed  Clinchfield  Reservoir  located  in  this  water  area  is  being 
considered  for  water  quality  storage;  however,  it  would  provide 
benefits  to  water  quality  primarily  in  water  area  D-2. 


Table  D-1 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Ac c ruing  from  Benchmark  Goals 


ER  AREA  D-1  MAP 


WATER  AREA  D-2  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


The  water  use  by  the  industries  and  municipalities  in  water 
area  D-2  is  predominantly  located  in  Greenville  and  Spartanburg 
Counties.  The  largest  water  user  in  the  water  area  is  the  Greenville 
SMSA.  In  the  other  counties  the  water  use  is  generally  widespread. 
The  Duke-Toxaway  Reservoir  which  is  now  under  construction,  and  for 
purposes  of  this  report  is  considered  as  being  in  place,  along  with 
the  North  Saluda  Reservoir  and  Table  Rock  Reservoir  are  the  sources 
of  supply  for  Greenville,  The  principal  source  of  water  supply  for 
Spartanburg,  is  Lake  Wm.  C.  Bowen.  Table  D-2  presents  the  municipal 
and  industrial  water  use. 

Future 


River  basin  studies  by  the  Middle  Atlantic  Region  indicate 
that  Spartanburg  County  will  need  a water  supply  which  can  be  obtained 
from  the  Clinchfield  Reservoir.  Other  studies  indicate  that  the 
base  flow  of  the  streams  plus  the  existing  reservoirs  will  be  capable 
of  satisfying  the  water  requirements  of  the  Greenville  SMSA  through  the 
year  1985.  Should  areas  not  easily  supplied  by  existing  water  sources 
develop  because  of  economic  factors  other  than  water  supply , additional 
water  supply  development  would  be  needed. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Water  quality  of  the  streams  in  area  D-2  is  generally  of  such 
quality  that  the  beneficial  uses  are  not  impaired  except  in  portions 
of  the  Tyger,  Reedy,  Enoree,  and  Pacolet  Rivers  where  dissolved  oxygen 
levels  sometimes  drop  below  the  State  stream  standards  during  critical 
seasons  of  low  streamflow.  Raw  waste  loadings  for  municipalities  and 
industries  are  presented  in  Table  D-2. 

Water  Pollution  Control  Program 

River  basin  studies  by  the  Middle  Atlantic  Region  in  water  area 
D-2  indicate  that  the  base  flow  in  the  Broad  River  plus  the  planned 
Clinchfield  Reservoir,  located  in  water  area  D-1,  would  be  capable 
of  maintaining  water  quality  objectives  in  the  Broad  River.  Studies 
of  the  other  major  streams  should  be  made  to  determine  the  need  for  flow 
augmentation,  higher  degrees  of  treatment,  and  in-plant  controls. 
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Table  D-2 


r 


[ Water  Supply  Needs  in  Million  Gallons  per  Day  for 

I Municipal  and  Industrial  Use 

[ to  Meet  Benchmark  Goals 

[ 

I960  1980  2000  2020 

; 103  200  375  660 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

3U93  3670  U8OO  8U5O 
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U S Oepa'tmenl  o(  the  tnlenoi 
federal  Water  Pollution  Control  Administration 


WATER  AREA  E-1  RESUME 


WATER  SUPPLY  REQUIREMENTS 


Present 


The  northern  half  of  this  water  area  lies  in  the  Blue  Ridge 
Province,  where  ground  water  is  not  plentiful.  Nevertheless,  owing 
to  abundant  and  regular  precipitation,  many  "well-sustained"  springs 
provide  the  water  supply  to  numerous  towns  and  rural  areas . Present- 
ly, no  large  Industries  use  ground  water  in  this  area. 

The  southern  portion  lies  in  the  Piedmont  Province,  which  has 
one  of  the  Nation's  most  reliable  aquifers  for  the  small  yields  needed 
for  domestic  supplies . Although  surface  water  is  abundant  in  this 
area,  springs  and/or  wells  supply  approximately  19  percent  of  the 
water  used  by  municipal  water  facilities. 

Future 


The  water  supply  needs  indicated  by  the  benchmark  goals  of 
development  can  be  met  through  proper  development  and  management 
of  present  resources. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

The  major  pollution  problems  affecting  water  users  of  this 
area  arise  from  a combination  of  untreated  or  inefficiently  treated 
municipal  and  industrial  wastes  discharged  into  the  streams. 

Lake  Lanier,  at  the  embayment  area  of  Balus  Creek,  exhibits 
high  BOD's  and  high  total  coliform  due  to  poultry  processing  waste 
in  an  overloaded  secondary  treatment  plant.  The  city  of  Toccoa  and 
a large  textile  mill  discharge  their  untreated  waste  into  several 
creeks  in  the  upper  reaches  of  Lake  Hartwell.  Pollution  in  Eastanolle 
Creek  is  critical.  The  discharge  of  untreated  waste  from  the  city  of 
Ellijay  is  detrimental  to  the  waters  of  the  Coosawattee  River. 

Water  Pollution  Control  Program 

All  industries  and  communities  presently  discharging  inadequately 
treated  wastes  will  be  required  to  meet  the  treatment  requirements  and 
abatement  schedules  established  by  the  Georgia  Water  Quality  Control 
Board.  The  basic  requirement,  which  will  be  enforced  in  accordance  with 
"rate's  law,  is  secondary  (biological)  treatment  with  disinfection 
- r'  scary  for  domestic  sewage  and  equivalent  treatment  for  in- 

*rii,  wa.att'. 
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Engineering  studies  have  been  completed  by  the  city  of  Toccoa 
to  solve  its  domestic  and  industrial  pollution  problems.  An 
engineering  report  has  also  been  completed  which  outlines  the  needs 
to  abate  the  pollution  contributed  by  the  wastes  which  the  city  of 
Ellijay  discharges  into  the  water  course  of  the  Coosawattee  River. 
Based  on  this  report,  the  city  of  Ellijay  is  going  to  build  a 
secondary  sewage  treatment  plant.  Its  estimated  cost  is  $932,600. 
The  total  grant  is  $528,000  of  which  $91,0U7  is  from  FWPCA  and 
$U37,233  is  from  Appalachia  Regional  Commission.  Plans  and  speci- 
fications should  be  completed  by  September  1968. 


Table  E-1 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 

i960  1980  2000  2020 

25  67  l40  2i*0 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

280  650  1280  2200 
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WATER 


WATER  AREA  E-2  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


The  northern  two-thirds  of  this  water  area  lies  in  the 
Valley  and  Ridge  Province  where  large  ground  water  supplies  are 
abundant.  Approximately  25  percent  of  the  municipal  water  supply 
comes  from  springs  and/or  wells,  although  surface  water  is  also 
abundant.  Nevertheless,  during  drought,  water  shortages  are 
commonly  severe.  Impoundments  are  then  necessary  to  provide 
flow  augmentation.  Present  water  use  is  largely  centered  in  the 
areas  of  Dalton,  Summerville,  Rome,  and  Cartersville . 

Future 


The  significant  increase  in  water  supply  needs  indicated 
by  the  benchmark  goals  of  development  can  be  met  through  con- 
struction of  impoiindments  and  proper  management  of  present  water 
resources.  This  will  be  a critical  necessity  during  drought  periods. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

The  water  quality  in  this  area,  as  well  as  in  all  of  the 
Georgia  Appalachia  area,  can  be  defined  as  localized  rather  than 
covering  an  entire  river  basin. 

On  the  Chattooga  River,  the  most  serious  of  the  pollution 
problems  is  centered  around  the  cities  of  Trion  and  Summerville. 
Untreated  wastes  from  both  cities,  coupled  with  that  from  a large 
textile  mill,  has  degraded  the  water  quality  to  such  an  extent 
that  any  further  use  is  prohibited.  Similar  problems  on  the  Etowah 
River  are  caused  by  waste  from  the  city  of  Cartersville;  on  the 
Big  Cedar  Creek,  by  waste  from  the  city  of  Cedartown;  on  the 
Tallapoosa  and  Chattahoochee  Rivers,  by  waste  from  the  city  of 
Villa  Rica;  on  the  Conasauga  River,  by  either  untreated  or  partially 
treated  waste  from  the  city  of  Chatsworth  and  local  industry;  on  the 
Oostanaula  River,  by  untreated  wastes  from  the  city  of  Calhoun  and 
several  textile  mills;  and  on  the  Coosa  River,  by  wastes  from  the 
city  of  Rome  and  numerous  large  and  small  industries. 
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Water  Pollution  Control  Program 


The  significant  growth  indicated  by  benchmark  goals  will  require 
strict  implementation  and  enforcement  of  the  treatment  requirements 
established  by  the  Georgia  Water  Quality  Control  Board.  All  domestic 
sewage  will  be  given  a minimum  of  secondary  (biological)  treatment, 
with  disinfection  where  necessary;  equivalent  treatment  of  all  in- 
dustrial wastes  will  be  required. 

The  city  of  Cartersville  has  received  a grant  of  $5^5»^00 
for  the  construction  of  a primary  treatment  facility.  Upon  completion 
of  this  phase,  the  city  will  provide  facilities  for  secondary  treatment. 
All  other  cities  in  this  area  now  polluting  the  stream  at  least  have 
completed  engineering  studies  in  order  to  solve  their  problems . A 
total  of  $3,235 ,000  in  grants,  of  which  $2,28b,U00  is  from  FWPCA  and 
$950,600  from  Appalachia  Regional  Commission,  has  been  awarded  to  the 
cities  of  Trion,  Summerville,  Calhoun,  Villa  Rica,  Chatsworth,  and  Rome 
for  construction  of  secondary  treatment  facilities.  Several  industries 
either  have  begun  or  are  now  planning  the  necessary  facilities  to  solve 
their  pollution  problems. 


Table  E-2 

Water  Supply  Meeds  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 

i960  1980  2000  2020 

66  ITO  350  680 

Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

590  1170  2330  I43OO 
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WATER 


WATER  AREA  E-3  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

Approximately  half  of  this  water  area  lies  in  Piedmont  Province 
where  there  are  numerous  small  yields  of  ground  water  needed  for 
domestic  supplies  of  thousands  of  r\iral  and  suburban  homes . The 
remainder  is  divided  among  the  Coastal  Plain  Province  and  Valley  and 
Ridge  Province  and  the  Appalachian  Plateaus.  Approximately  ^5  percent 
of  the  water  being  supplied  by  municipal  facilities  in  this  water  area 
comes  from  wells  and  springs.  Surface  water  is  also  abundant  through- 
out the  area. 

Future 

The  water  supply  needs  derived  from  benchmark  goals  can  be  met 
by  the  existing  supplies  of  ground  and  surface  water;  however,  con- 
struction of  some  impoundments  will  be  necessary  to  fulfill  these 
foreseeable  water  needs.  The  towns  of  Wadley,  Dadeville,  Heflin,  and 
Roanoke  are  likely  to  need  water  from  such  impoundments . 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

Most  of  the  surface  water  is  provided  by  the  Coosa  and  Tallapoosa 
River  Basins.  The  remainder  comes  from  the  Chattahoochee  River  Basin. 

In  general,  the  quality  of  water  in  the  Coosa  and  Tallapoosa  River  Basins 
is  good.  This  is  particularly  true  of  the  main  streams  of  the  Coosa  and 
Tallapoosa  Rivers  and  of  their  impoundments.  However,  there  have  been 
instances  of  fish  kills  caused  by  release  of  untreated  or  improperly 
treated  industrial  wastes.  Also,  there  are  still  a few  municipalities 
within  the  area  that  discharge  untreated  or  improperly  treated  domestic 
wastes  into  the  Coosa  and  Tallapoosa  Rivers.  The  Chattahoochee  River, 
which  supplies  water  for  domestic  and  industrial  uses  in  the  cities  of 
Lanett,  Fairfax  and  Langdale,  has  its  water  quality  degraded  by  indus- 
trial and  municipal  wastes. 

Water  Pollution  Control  Program 

The  Alabama  Water  Improvement  Commission  requires  secondary 
treatment  of  all  municipal  wastes.  Therefore,  all  the  municipal  facil- 
ities contributing  to  pollution  are  expected  to  have  secondary  treatment, 
or  its  equivalent,  in  the  near  future.  Plans  for  abatement  or  control 
of  pollution  resulting  from  the  discharge  of  untreated  or  inadequately 
treated  industrial  wastes  to  the  waters  of  the  Coosa  and  Tallapoosa 
River  Basins  have  to  be  submitted  by  the  offenders. 
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Table  E-3 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980 

107  230 


2000  2020 

iioo  670 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 


i960  1980 

510  1080 


2000  2020 

19>+0  3300 
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Appendix  D 

WATER  AREA  E-3  MAP 


WATER  AREA  E-U  RESUME 


r 


WATER  SUPPLY  REQUIREMENTS 
Present 

Approximately  8 percent  of  the  water  being  supplied  by 
municipal  facilities  comes  from  springs  and/or  wells.  Impoundment 
or  surface  water  is  necessary  throughout  the  area  in  order  to  pro- 
vide the  water  needs  diuring  the  dry  summer  months.  Water  use  is 
largely  concentrated  in  the  Birmingham  area  and,  to  a lesser  extent, 
in  Tuscaloosa. 

Future 

The  water  supply  needs  indicated  by  the  benchmark  goals  can 
be  met  by  present  base  flow,  plus  possible  reallocation  of  storage 
in  impoundments . 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

The  major  pollution  problems  affecting  the  water  quality  in 
this  area  arise  from  a combination  of  untreated  or  inefficiently 
treated  municipal  and  industrial  wastes  discharged  into  streams  with 
insufficient  assimilating  capacities  under  normal  existing  flow  con- 
ditions. Jefferson  County  is  the  most  heavily  polluted  area  in  the 
State.  In  1966,  75  percent  of  the  fish  reported  killed  in  Alabama, 
and  10  percent  of  the  fish  reported  killed  in  the  entire  Nation.,  were 
in  Jefferson  County.  However,  with  the  exception  of  high^.y  polluted 
stream  reaches  in  the  Birmingham  and  Tuscaloosa  areas,  the  water 
quality  problems  in  this  area  are  localized  in  extent. 

Water  Pollution  Control  Program 

Most  of  the  streams  in  the  Birmingham  metropolitan  area  have 
a proposed  water  quality  classification  of  untreated  waste  transpor- 
tation because  of  the  heavily  polluted  conditions.  Secondary  treat- 
ment of  biodegradable  organic  wastes  will  help  solve  much  of  the 
present  pollution  problem.  The  Alabama  Water  Improvement  Commission 
requires  secondary  treatment  of  all  municipal  wastes.  Therefore,  most 
of  the  facilities  now  contributing  to  pollution  will  have  secondary 
treatment,  or  its  equivalent,  in  the  near  future.  The  benchmark  goals 


) 


indicate  a need  to  consider  flow  control  and/or  advanced  waste 
treatment  to  protect  the  quality  of  waters  in  the  future.  Most 
of  those  responsible  for  the  discharge  of  industrial  wastes  into 
the  streams  of  this  area  have  been  directed  to  submit  plans  for 
pollution  abatement. 
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WATER  AREA  E-3  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


This  water  area  lies  along  the  eastern  flank  of  the 
Mississippi  embayment  of  the  East  Gulf  Coastal  Plain  Province.  The 
entire  area  is  underlain  with  water  producing  aquifers.  Approxi- 
mately 75  percent  of  the  water  being  supplied  by  municipal  facili- 
ties comes  from  springs  and/or  wells.  Of  the  many  water  facilities 
existent  in  the  area,  only  Columbus  obtains  its  water  from  a surface 
supply,  the  Lvixapallila  Creek. 

Future 


Economic  studies  of  the  Office  of  Business  Economics  and  the 
benchmark  development  goals  show  a very  large  growth  in  the  paper 
and  chemical  industries  which  will  result  in  a considerable  increase 
of  the  present  water  use.  The  vast  ground  water  resources  and  the 
efficient  use  of  the  substantial  flows  in  several  of  the  streams  in 
the  region,  coupled  with  the  construction  of  dams  to  take  advantage 
of  the  51  Inches  average  annual  precipitation,  will  adequately  take 
care  of  this  greatly  expanded  water  use. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

At  the  present  time,  water  pollution  is  not  considered  a major 
problem  in  this  area.  However,  there  are  water  quality  problems  which 
are  rather  localized  in  extent.  The  main  source  of  pollution  causing 
these  localized  problems  is  a combination  of  untreated  or  inefficiently 
treated  municipal  and  industrial  wastes.  As  a result  of  these  wastes, 
several  fish  kills  have  occurred  in  these  problem  areas.  Low  dissolved 
oxygen  values  have  been  observed  in  Town  Creek,  a tributary  of  Tibbee 
Creek,  south  of  W'est  Point,  and  in  the  Noxubee  River  near  Macon. 

Several  fish  kills  have  been  reported  in  the  L^lxapallila  Creek  near 
Columbus.  However,  a large  oxidation  lagoon  has  been  constructed  re- 
cently. It  is  not  known,  at  this  time,  to  what  extent  this  lagoon 
has  been  utilized  by  the  industry. 

In  this  20-county  area  of  Mississippi,  115,000  people  in  twenty- 
seven  communities  are  presently  connected  to  sewerage  systems  discharging 
approximately  11.5  million  gallons  per  day.  The  wastes  from  all  but 
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6,200  people  in  five  communities  are  currently  receiving  adequate 
secondary  treatment  or  will  be  in  the  near  future.  In  addition,  a 
number  of  small  communities  (population  less  than  500)  8-re  without 
sewer  systems  and,  therefore,  without  treatment  plants.  The  basin's 
approximately  80  industries  are  predominantly  textiles.  Little 
information  is  currently  available  concerning  industrial  wastes  and 
treatment,  although  it  is  known  that  several  industries  do  not  treat 
their  wastes. 

Water  Pollution  Control  Program 

The  benchmark  goals  of  development  indicate  a need  to  con- 
sider flow  control  and/or  advanced  waste  treatment  to  protect  waters 
in  the  future. 

The  proposed  Mississippi  Water  Quality  Standards  require  a 
minimum  of  secondary  or  equivalent  treatment  of  all  wastes  not  later 
than  1972.  The  Mississippi  Air  and  Water  Pollution  Control  Commission, 
which  has  the  authority  to  control,  prevent,  or  abate  the  pollution  of 
waters  in  the  State,  plans  to  accomplish  within  the  next  ten  years  the 
following:  (l)  control  of  any  pollution  caused  by  combined  sewer 

overflows,  (2)  reduction  of  nutrients  contributed  by  treated  sewage 
effluents,  and  (3)  use  of  tertiary  treatment  where  needed. 


Table  E-5 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


Untreated  Waste  Loadings  (P.E.  in  1,000's] 
Accruing  from  Benchmark  Goals 
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WATER  AREA  F-1  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


In  water  area  F-1  the  major  water  use  is  for  the  Erie  SMSA, 
with  Lake  Erie  its  source  of  supply.  This  accounts  for  about  20 
percent  of  the  area's  total  municipal  and  industrial  water  use.  The 
remaining  water  supply  use  is  widely  dispersed  between  the  many  small- 
and  moderate-sized  communities  in  the  area.  Ground  water  is  the  major 
source  of  municipal  water  supply  in  the  New  York  counties  and  in  those 
Pennsylvania  counties  exclusive  of  the  southeast  and  southwest  portions 
of  the  water  area. 

Future 


The  water  supply  needs  derived  from  benchmark  goals  indicate 
sufficient  water  supply  is  available  for  those  portions  of  the  area 
along  Lake  Erie;  also,  sufficient  water  supply  is  available  from  river 
base  flow  and  from  outwash  and  alluvial  fill  ground  water  sources  in 
the  northwest  and  north  central  areas.  Existing  or  planned  lakes  and 
reservoirs  (Lake  Chautauqua,  Allegheny,  Tionesta,  Mahoning  Creek, 
Shenango  and  Pymatuning  Reservoir  areas)  provide  a further  water  re- 
source available  with  possible  reallocation  of  storage.  This  area 
can  be  concluded  to  have  a very  ample  supply  of  existing  and  develop- 
able water  supply,  providing  water  quality  control  programs  are  suitably 
implemented. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Water  quality  is  degraded  by  oil  field  brine  wastes  in  the 
northern  Pennsylvania  counties.  Water  quality  is  degraded  by  pulp 
and  paper  wastes  from  Erie,  Pennsylvania.  Lak.e  Erie  is  degraded  by 
nutrients  from  municipal,  industrial,  and  agricultural  sources,  and 
to  a lesser  extent  by  bacteria  from  municipal  sources.  During  periods 
of  sewage  bypass  and  lack  of  disinfection  at  sewage  treatment  plants, 
a few  bathing  beaches  along  the  lake  are  affected.  Acid  mine  drainage 
has  degraded  the  Clarion  River  and  Redbank  Creek  as  well  as  some  small 
streams  (see  Appendix  C). 

Water  Pollution  Control  Program 

The  chloride  pollution  problems  from  oil  brines  should  be 
subjected  to  control  by  locating  and  capping  abandoned  wells  and 
by  close  control  over  operating  wells. 


D-71 


Recommendations  from  the  Lake  Erie  Enforcement  Conference 
should  be  followed  to  protect  these  waters . Secondary  treatment 
with  nutrient  control  plus  disinfection  of  all  sewage  effluents 
to  protect  bathing  beaches  are  presently  judged  to  be  important 
needs.  Secondary  treatment  of  pulp  and  paper  wastes  at  Erie, 
Pennsylvania,  is  an  important  industrial  need. 

The  pollution  control  program  as  it  relates  to  mine  drainage 
control  is  discussed  in  Appendix  C. 

Water  quality  along  the  main  stem  of  the  Allegheny  should 
benefit  from  releases,  from  Allegheny  River  Reservoir,  largely  keyed 
to  needs  on  the  Allegheny  River  at  Natroma. 

For  upstream  reaches,  for  small  streams  receiving  organic  wastes, 
and  for  French  Creek  below  Meadville,  high  levels  of  treatment,  in- 
plant  control,  and  opportunities  for  flow  regulation  need  to  be  given 
high  priority  should  substantial  development  occur. 


Table  F-1 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960 

500 


1980 

820 


2000 


lUoo 


2020 


2000 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benctimark  Goals 

i960  i960  2000  2020 

1650  2600  UTOO  6700 
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WATER  AREA  F-2  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

The  water  area  F-2  present  water  use  is  largely  concentrated 
in  the  three-co\inty  Pittsburgh  SMSA  (see  Table  F-2).  Water  supply 
is  predominately  from  the  surface  sources  of  the  Ohio,  Monongahela, 
Allegheny,  and  Youghiogheny  Rivers.  The  alluvium  along  the  Ohio 
River,  lower  Allegheny  River,  and  the  lower  Monongahela  River  is  a 
lesser  but  still  significant  source  of  supply. 

Future 

The  water  supply  needs  derived  from  the  benchmark  goals 
indicate  ample  supply  from  presently  developed  surface  water  sources 
to  meet  future  needs.  Ground  water  from .alluvial  sources  is  expected 
to  continue  to  provide  a lesser  but  important  source  of  supply. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

Water  quality  in  the  water  area  is  severely  degraded  by  acid 
mine  drainage.  In  the  Monongahela  River  Basin,  the  lower  Monongahela 
River  is  continuously  acid.  Tributaries  to  the  lower  Monongahela  that 
are  significantly  degraded  by  coal  mine  drainage  include  the  Youghio- 
gheny River,  Cheat  River,  Dunkard  Creek,  Ten  Mile  Creek,  and  Redstone 
Creek.  Significantly  degraded  tributaries  to  the  lower  Youghiogheny 
River  include  the  Casselman  River  and  Sewickley  Creek. 

In  the  Allegheny  River  Basin,  Crooked  Creek,  and  Kiskiminetas 
River  and  its  tributaries,  the  Conemaugh  and  Little  Conemaugh  Rivers 
and  Blacklick,  Loyalhanna,  and  Blacklegs  Creeks  are  significantly 
and  continuously  degraded.  The  Allegheny  River  itself  is  frequently 
acid  below  the  mouth  of  the  Kiskiminetas  River. 

In  the  Beaver  River  Basin,  Slippery  Rock  Creek  and  many  of  its 
tributaries  are  degraded  by  acid  mine  drainage  (for  more  detail  see 
Appendix  C ) . 

The  Beaver  River  is  affected  by  organic  and  industrial  wastes 
largely  from  the  Mahoning  River  Basin.  A pollution  abatement  program 
now  under  way  should  serve  to  improve  Beaver  River  quality. 
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The  Ohio  River  below  Pittsburgh  is  degraded  by  organic  wastes, 
oil  pollution  from  industrial  sources,  and  the  effect  of  mine  drainage 
from  the  Mongahela  and  Allegheny  Rivers  can  be  detected. 

Water  Pollution  Control  Program 

Because  of  the  great  quantities  of  acid  mine  drainage  and 
municipal  and  industrial  wastes  in  this  area,  pollution  control 
expenditures  can  be  expected  to  exceed  those  of  any  other  Appalachia 
water  area.  Mine  drainage  pollution  control  measures  are  detailed  in 
Appendix  C. 

Water  quality  improvement  in  the  Ohio  River  can  be  expected 
to  result  from  secondary  treatment  facilities  now  in  the  planning 
stage  for  the  Allegheny  County  Sanitary  Authority  serving  most  of 
the  sewered  population  in  the  Pittsburgh  area.  Biodegradable  organic 
wastes  from  other  municipal  sources  as  well  as  from  industry  are 
scheduled  to  receive  secondary  treatment  by  19T2  along  the  main  stem 
of  the  Ohio  River.  Regulated  flow  from  upstream  reservoirs  will  serve 
to  further  improve  water  quality  by  increasing  the  30-consecutive-day 
low  flow  with  a 10-year  recurrence  frequency  from  a natural  level  of 
2,1+00  cfs  to  5,600  cfs.  This  is  expected  to  satisfy  water  quality  needs 
until  about  1980.  After  I98O  in-plant  control,  advanced  waste  treat- 
ment, additional  flow  augmentation  and  other  control  measures  are 
expected  to  be  required  to  maintain  water  quality. 

Control  measures  includihg  in-plant  control,  advanced  waste 
treatment,  and  flow  regulation  or  other  measures  will  also  be  necessary 
in  headwater  areas  where  significant  development  exists  or  will  take 
place . 


Table  F-2 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  Meet  Benchmark  Goals 


i960  1980 

2550  3200 


2000  2020 

U050  6050 


Untreated  Waste  Loadings  (P.E.  in  1,000’s) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 
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4260 


5700 


8800 


16,100 
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WATER  AREA  F-3  RESUME 
WATER  SUPPLY  REQUIREMENTS 
Present 

Present  water  use  in  water  area  F-3  is  largely  concentrated 
in  the  Weirton  and  Wheeling  SMSA  (see  Table  F-3).  Most  of  the 
remaining  water  use  is  in  the  Morgantown,  Fairmount,  and  Clarksburg, 

West  Virginia,  areas. 

Water  supply  is  mostly  from  the  Ohio  River.  However,  the 
Monongahela  River,  West  Fork  River,  Tygart  Valley  River,  and  Cheat 
River,  along  with  ground  water  from  the  alluvi\xm  along  the  Ohio  River, 
are  important  lesser  sources  of  supply. 

future 

The  water  supply  needs  derived  from  the  benchmark  goals  indicate 
the  Ohio  River  and  associated  alluvium  are  ample  to  supply  the  needs 
of  the  immediately  adjacent  counties.  Clarksburg,  West  Virginia, 
and  upstream  areas  which  might  have  significant  development  will 
require  additional  water  resource  development  to  supply  needs. 

Impoundment  would  be  the  most  likely  source  of  providing  additional 
water  supply  needs  in  these  areas. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Water  quality  in  the  Ohio  River  is  degraded  by  high  bacterial 
levels  and  sporadic  oil  pollution  from  industrial  sources. 

The  Monongahela  River  is  heavily  degraded  by  mine  drainage. 

The  West  Fork  Tygart  Valley  and  Cheat  Rivers  are  also  highly  affected 
by  mine  drainage.  For  more  detail  on  mine  drainage  problems  see 
Appendix  C. 

Water  Pollution  Control  Program 

Control  of  pollution  from  biodegradable  organics  and  bacterial 
pollution  in  the  Ohio  River  will  require  secondary  treatment  and 
disinfection  of  wastes.  Discharge  of  nutrients  can  be  expected  to 
be  an  increasing  problem  and  may  require  additional  treatment  measures 
when  and  if  problems  develop.  Present  and  future  research  can  be  ex- 
pected to  provide  suitable  measures  for  control  of  nutrients  from 
controllable  discharges. 
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An  extensive  mine  drainage  abatement  program  will  be  required 
in  the  Monongahela  Basin  portion  of  the  water  area.  The  pollution 
control  program  as  it  relates  to  mine  drainage  is  discussed  in  Appendix 

C. 


Additional  treatment  of  biodegradable  organic  wastes  will  be 
required  in  the  Monongahela  Basin  in  addition  to  control  of  mine 
drainage  pollution. 


Table  F-3 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980 

380  550 


2000  2020 

930  1600 


Untreated  Waste  Loadings  (P.E.  in  1,000's) 
Accruing  from  Benchmark  Goals 


i960  1980 

T60  1100 


2000  2020 

2000  ^300 
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WATER  AREA  G-1  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


Present  water  supply  requirements  are  provided  mostly  from 
ground  water  sources.  Use  is  well  dispersed  among  the  numerous  small- 
and  moderate-sized  communities. 

Future 

Water  supply  needs  to  meet  benchmark  goals  can  generally  be 
met  from  expansion  of  present  ground  water  sources  and  increased  use 
of  surface  supplies  in  the  Ohio  and  lower  Muskingum  Rivers.  Should 
significant  development  occur  in  upstream  areas,  development  of  new 
ground  water  or  surface  water  sources  is  indicated. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

Water  quality  in  the  Ohio  River  is  adequate  to  protect  legitimate 
uses  as  measured  by  most  parameters.  Oil  pollution  is  an  intermittent 
problem  as  it  is  in  reaches  above  and  below  the  G-1  water  area.  Fish 
flesh  tainting  is  an  additional  chronic  problem  in  the  Ohio  River. 

Water  quality  in  the  Muskingum  River  and  its  tributary,  the 
Tuscarawas  River,  is  affected  by  brine  discharges  in  the  upper  Tuscarawas 
River. 


A number  of  small  streams  in  the  eastern  counties  of  the  water 
area  are  affected  by  acid  mine  drainage.  For  more  detail  see  Appendix  C. 

Water  Pollution  Control  Program 

Water  quality  in  the  two  major  streams,  the  Ohio  and  Muskingum 
Rivers,  will  largely  be  determined  by  water  quality  control  measures 
taken  in  upstream  areas.  Solution  of  the  brine  pollution  problem  in 
the  Muskingum  basin  would  provide  a significant  additional  resource 
of  water  for  public  and  municipal  water  supply,  as  well  as  improve 
aquatic  life  resources. 

Secondary  treatment  and  chlorination  of  wastes  along  the 
Muskingum  and  Ohio  Rivers  should  adequately  protect  uses  if  the 
waters  entering  the  water  area  are  of  good  quality.  Should  significant 
development  occur  along  the  small  streams  and  in  headwater  areas, 
measures  of  in-plant  control,  advanced  waste  treatment,  selective 
discharge  of  effluents,  and  flow  regulation  will  have  to  be  considered. 
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For  a further  discussion  of  solutions  to  mine  drainai?e  problems 
see  Appendix  C. 


Table  G-1 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


Untreated  Waste  Loading's  (P.F.  in  1,000's) 
Accruing  from  Benchmark  Goals 


WATER  AREA  G-2  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

Present  water  supply  use  is  large  in  the  Huntington  SMSA,  and 
in  the  Portsmouth,  Chillicothe,  and  Clermont  County  areas  of  Ohio. 

The  Ohio  River  and  ground  water  from  the  alluvium  along  the  Ohio  River 
Valley  are  the  major  sources  of  supply.  Lesser  sources  with  local 
significance  are  the  lower  Big  Sanc^  River  and  wells  in  the  Scioto 
Basin. 

Future 

Water  supply  needs  required  to  meet  benchmark  goals  of  area 
development  can  be  satisfied  from  the  present  significant  water  supply 
sources.  Should  significant  development  occur  in  the  extreme  northern 
and  southern  portions  of  the  area  additional  water  supply  sources 
would  need  to  be  developed.  In  the  Kentucky  counties  not  bordering 
the  Ohio  River,  water  from  Cave  Run  Reservoir  or  development  of  new 
impoundments  would  be  the  most  promising  sources  of  supply. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

The  Ohio  River  Is  generally  of  good  quality  as  measured  by 
most  parameters.  Bacterial  pollution,  taste  and  odor,  and  fish  flesh 
tainting  substances  and  oil  pollution  are  intermittent  problems. 

The  lower  Big  Sandy  is  affected  by  taste  and  odor  producing  substances. 
The  Scioto  River  is  degraded  by  organic  wastes , much  of  which  originate 
in  the  Chillicothe,  Ohio,  area. 

The  Little  Sandy  River  and  the  small  streams  of  the  basin  are 
generally  of  suitable  quality  to  protect  uses. 

Water  Pollution  Control  Program 

Present  problems  indicate  need  for  a short-term  program  to 
implement  secondary  treatment  and  chlorination  of  municipal  wastes 
for  control  of  bacterial  pollution,  a program  to  identify  and  control 
taste  and  odor  and  fish  flesh  tainting  substances,  and  a program  to 
implement  control  of  oil  pollution. 
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The  considerable  economic  growth  that  would  be  attendant  with 
meeting  benchmark  goals  of  development  indicates  a long-term  program 
of  emphasis  on  in-plant  control,  flow  regulation,  and  advanced  waste 
treatment.  Economic  studies  key  much  of  the  development  to  industrial 
expansion  mainly  along  the  Ohio  main  stem  with  considerable  growth  in 
the  chemical  industry. 


Table  G-2 


Water  Supply  Weeds  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 

1980  2000  2020 

800  1550  3100 


Untreated  Waste  Loadings  (P.K.  in  1.000’s) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

1200  2500  5300  13,300 


i960 


1 

1 
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WATER  AHEA  G-3  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

The  water  area  G-3  present  water  use  is  largely  from  surface 
sources  supplying  the  industrial  complex  in  the  Charleston  area. 

The  Kanawha  River  provides  virtually  all  the  water  used  in  the 
Charleston  area.  Other  important  water  supply  sources  are  the 
Ohio  River  and  the  associated  alluvium  in  the  northern  portion  of 
the  water  area.  Lesser  sources  are  from  Elk,  Coal,  and  Pocatalico 
Rivers. 

Future 

The  water  supply  needs  derived  from  the  benchmark  goals  indicate 
a growing  pressure  on  the  Kanawha  River  in  the  Charleston  area  to 
meet  industrial  needs.  Since  97  percent  of  present  industrial  use 
in  the  Charleston  area  is  for  cooling  purposes,  continued  expansion 
would  either  increase  stream  temperatures  or  require  off-stream 
cooling  facilities.  Use  of  cooling  towers  would  greatly  reduce 
gross  water  use,  but  would  resxilt  in  a greater  consumptive  use  of 
wa'.er  from  evaporation. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

The  major  water  quality  problem  in  the  area  is  in  the  Kanawha 
River  below  Charleston.  Organic  wastes  result  in  no  dissolved  oxygen 
for  the  warmer  months  of  most  years.  The  Ohio  River  is  generally  of 
good  quality.  The  lower  reach  of  the  Little  Kanawha  River  is  degraded 
by  industrial  wastes.  This  stretch  of  the  Little  Kanawha  has  reduced 
assimilative  capacity  from  being  in  the  backwater  of  the  Ohio  River 
lock  and  dam  system.  The  Pocatalico  River  is  degraded  by  brine  dis- 
charges from  oil  wells  in  the  drainage  basin. 

Water  Pollution  Control  Program 

For  the  Kanawha  River,  an  intensive  pollution  control  program 
will  be  necessary  to  achieve  more  than  limited  uses.  Flow  regulation, 
in-plant  control,  and  advanced  levels  of  waste  treatment  will  in  all 
probability  be  required.  As  carbonaceous  and  nitrogenous  oxygen  demands 
are  brought  under  control,  nutrients  may  become  of  major  concern. 
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The  Ohio  River  should  be  capable  of  assimilating  the  adequately 
treated  wastes  that  are  directly  discharged  from  this  area.  Disinfec- 
tion of  municipal  wastes  is  necessary  to  protect  recreational  and 
aesthetic  values.  Nutrient  control  may  be  expected  to  be  of  greater 
importance  as  the  area  increases  in  population  and  industrial  activity. 

The  Pocatalico  River  brine  problem  is  presently  under  study 
with  permit  holders  discharging  into  injection  wells.  The  extent  to 
which  this  will  be  successful  as  a control  is  not  presently  known 
because  of  lack  of  sufficient  operating  experience  to  determine  the 
capability  of  the  geologic  formation  to  satisfactorily  accept  the 
brines  without  either  contaminating  fresh  water  aquifers  or  an  in- 
ability to  receive  the  brines. 


Table  G-3 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960 

1980 

2000 

2020 

1060 

lUoo 

2600 

i4l400 

Untreated  Waste  Loadings  (P.E.  in  1.000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

9200  17,300  28,600  33,100 
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Develop nunl  nl  Malei  Rebomces  in  Appalachia 


WATER  AREA  G-U  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


Present  water  supply  requirements  are  met  almost  equally  from 
ground  water  and  surface  sources.  The  largest  water  use  is  in  the 
Logan  and  McDowell  County  areas  of  West  Virginia,  which  accounts  for 
about  60  percent  of  the  population  served  from  central  systems  and 
about  50  percent  of  the  water  use.  Other  water  use  is  widely  dispersed 
between  the  many  small-  and  moderate-sized  communities  in  the  water  area. 

Future 


The  benchmark  goals  of  development  would  require  significant 
development  of  water  resources  to  meet  needs.  The  most  likely  alternates 
to  satisfy  needs  would  depend  on  the  location  of  economic  growth  areas. 
The  proposed  Royalton  Reservoir  in  the  Licking  Basin  has  a preliminary 
allocation  of  2,2  mgd  for  water  supply  purposes.  The  Levisa  Fork  and 
Big  Sandy  River  areas  can  be  served  from  the  considerable  reservoir 
development  already  completed  or  under  construction  (Yatesville, 
Paintsville,  Dewey,  Fishtrap,  and  Flanagan  Reservoirs)  with  reallocation 
of  storage  or  with  additional  construction.  Significant  economic  develop 
ment  in  the  Tug  Fork  area  would  require  resource  development  with  impound 
ment  of  surface  water  and  expansion  of  ground  water  supplies,  the  most 
probable  solutions.  The  Guyandotte  River  area  appears  to  have  sufficient 
ground  water  to  support  moderate  expansion;  however,  development  of 
surface  supplies  by  impoundment  would  probably  be  required  to  support 
a major  water  using  industry, 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Present  water  quality  is  degraded  by  coal  fines  discharged  to 
streams  in  the  Levisa  Fork,  Tug  Fork,  and  Guyandotte  River  areas.  Lack 
of  secondary  treatment  results  in  some  organic  and  bacterial  pollution 
during  low  flow  periods  below  the  larger  upstream  communities  not  now 
having  secondary  treatment.  Mine  drainage  pollution  is  a problem  in 
localized  stream  reaches  and  is  an  intermittent  problem  throughout 
many  streams,  mainly  in  the  form  of  mineralization.  For  more  detail 
of  mine  drainage  pollution  problems  see  Appendix  C. 
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Water  Pollution  Control  Program 


Control  of  coal  washery  waste  pollution  requires  construction 
and  operation  of  sedimentation  facilities  and  proper  storaf'e  of  removed 
solids  to  prevent  washing  out  during  periods  of  heavy  rainfall. 

In  the  Levisa  Fork  Basin  secondary  treatment  and  water  quality 
control  storage  provided  or  planned  in  Yatesville,  Paintsville,  and 
Fishtrap  Reservoirs  will  allow  significant  economic  development  without 
serious  effect  on  water  quality.  As  in  other  portions  of  the  water 
area,  location  of  a "wet  industry"  with  major  organic  loading  to 
the  streams  such  as  a 200  ton  per  day  pulp  mill  would  require  a 
consideration  of  measures  including  strict  in-plant  control,  advanced 
waste  treatment,  and  additional  flow  regulation. 

The  Tug  Fork  and  Guyandotte  Basins  have  a much  lower  assured 
flow  than  the  lower  Levisa  Fork  and  Big  Gandy.  Therefore,  major 
development  in  the  "wet  industry"  category  would  require  careful 
consideration  of  the  various  methods  of  in-plant  control  flow  regulation, 
and  advanced  waste  treatment  to  protect  water  quality. 

Water  quality  control  needs  for  the  Licking  River  in  the 
Salyersville  and  West  Liberty  area  were  presented  in  a June  1967 
report  of  FWPCA  on  the  Royalton  Reservoir  project.  The  estimated 
streamflow  needs  for  assimilation  of  residual  wastes  after  secondary 
treatment  were  projected  to  be  2.5,  7.6,  and  ll<.3  cfs  for  the  years 
1980,  2000,  and  2020,  respectively. 

The  pollution  control  program  as  it  relates  to  mine  drainage 
is  described  in  Appendix  C. 


Table  G-'t 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980  2000 


2020 


12  100  170 


260 


Untreated  Waste  Loadings  (P.L.  in  1.000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 


70 


i^80 


300 
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WATER  AREA  G-4  MAP 


WATER  AREA  G-5  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


Present  water  supply  requirements  in  water  area  G-5  are  met 
predominately  from  surface  water  supplies  except  in  the  Fayette  and 
Mercer  County,  West  Virginia,  and  Giles  County,  Virginia  areas.  Water 
use  is  highly  dispersed  in  this  area  with  no  predominate  area  of  use. 

Future 


The  existing  base  flows  in  the  New  and  Kanawha  Rivers  can  provide 
water  supply  needs  to  meet  the  benchmark  goals  of  development.  Should 
significant  development  occur  remote  from  these  main  stem  areas,  reallo- 
cation of  storage  in  Sutton,  Tygart,  Summersville , Bluestone,  or  Rowlesburg 
Reservoirs  could  meet  certain  area  needs.  Development  in  areas  remote 
from  existing  sources  of  supply  could  be  served  by  local  impoundments. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Present  water  quality  in  the  New  and  Kanawha  River  reaches  in 
water  area  G-5  is  generally  excellent  and  suitable  for  all  legitimate 
uses.  Some  of  the  smaller  tributaries  throughout  the  water  area  are 
affected  by  mine  drainage;  however,  mine  drainage  is  of  much  lesser 
magnitude  than  in  counties  directly  to  the  north  of  this  area.  For 
more  information  on  mine  drainage  see  Appendix  C. 

Water  quality  problems  from  residual  organic  wastes  are  localized 
problems  below  communities  on  small  streams. 

Water  Pollution  Control  Program 


The  benchmark  goals  of  development  indicate  that  the  main  stem 
reaches  can  be  protected  by  secondary  treatment  of  biodegradable  wastes 
and  chlorination  of  municipal  effluents. 

Where  problems  exist  on  small  streams  or  where  significant 
development  occurs  in  upstream  areas,  in-plant  control,  flow  regulation, 
and  advanced  waste  treatment  measures  will  need  to  be  considered  to 
protect  water  quality. 

Mine  drainage  problems  are  discussed  in  detail  in  Appendix  C. 
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Table  G-3 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


WATER  AREA  H RESUME 


WATER  SUPPLY  REQUIREMENTS 


Present 


The  water  area  H present  water  use  is  largely  concentrated  in 
the  downstream  counties  of  Clark,  Madison,  and  Montgomery  and  in  the 
mining  counties  of  Letcher  and  Perry.  Svu-face  water  is  used  almost 
exclusively  as  a source  of  significant  quantities  of  water. 

Future  ' 


The  water  supply  needs  derived  from  the  benchmark  goals  (see 
Table  H)  indicate  that  development  of  additional  water  supply  should 
be  carefully  considered.  For  the  Montgomery  and  Clark  County  areas, 
information  developed  by  the  Louisville  District  Office,  Corps  of 
Engineers,  indicates  considerable  potential  for  industrial  development. 
Present  and  planned  development  for  this  area  results  in  an  exportation 
of  water  from  the  Kentucky  River  Basin  to  the  Licking  River  Basin  through 
the  Winchester  and  Mount  Sterling  use  of  the  Kentucky  Basin  as  a source 
of  supply  and  discharge  of  their  sewage  effluents  to  the  Licking  Basin. 
Cognizance  must  be  taken  of  the  present  and  projected  considerable 
downstream  use  from  the  Kentucky  River  by  Lexington,  Kentucky.  Upstream 
development  sufficient  to  provide  for  Lexington's  needs  should,  however, 
suffice  for  the  Clark-Montgomery  County  area,  if  effluents  from  Winchester 
and  Mount  Sterling  are  returned  to  the  Kentucky  Basin  at  least  during 
critical  low  flow  periods  in  the  future.  This  will  require  treatment 
levels  high  enough  to  allow  reuse  at  Lexington. 

The  upstream  eu'eas  should  be  able  to  obtain  sufficient  amounts 
of  additional  water  from  the  Bocneville,  Buckhorn,  Red,  Falmouth,  Cave 
Run,  and  Carr  Fork  Reservoirs  with  possible  reallocation  of  storage 
should  significant  development  occur  in  these  areas. 

Ground  water  is  expected  to  continue  to  supply  only  a relatively 
small  portion  of  the  area's  needs. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

Water  quality  in  the  Licking  River  and  middle  and  lower  reaches 
of  the  Kentucky  River  is  generally  suitable  for  beneficial  uses.  Mine 
drainage  is  a significant  problem  in  some  small  streams  in  the  Letcher, 
Perry,  Knott,  and  Breathitt  Counties.  Reservoirs  on  these  streams  would 
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store  water  of  questionable  quality  for  support  of  aquatic  life, 
recreational,  and  water  supply  uses.  The  severity  of  mine  drainage 
pollution  in  the  Kentucky  River  Basin  decreases  rapidly  downstream 
6is  small  polluted  streams  merge  with  other  slightly  polluted  or 
unpolluted  streams.  However,  the  alkalinity  of  the  water  in  the 
Kentucky  River  may  be  reduced  below  desirable  natural  levels  by 
acid  mine  drainage  at  least  as  far  downstream  as  Irvine  in  Estill 
County.  (For  more  detail  see  Appendix  C.)  Water  quality  is  also 
degraded  at  times  below  municipal  waste  treatment  facilities  on 
small  streams  throughout  the  area. 

Water  Pollution  Control  Program 

Among  existing  or  planned  reservoirs  the  Red,  Carr  Fork,  and 
Booneville  Reservoirs  have  storage  allocated  to  water  quality  control. 
This  storage  is  pleinned  for  the  Lexington  and  Hazard  areas,  but  should 
be  beneficial,  and  with  adequate  treatment,  provide  adequate  water 
quality  in  the  water  area's  portions  of  the  main  stem  Kentucky  River, 
South  and  North  Forks  of  the  Kentucky  River,  and  Red  River. 

For  the  upstream  reaches  and  for  small  streams  receiving  waste 
effluents,  high  levels  of  treatment,  in-plant  control,  and  opportunities 
for  flow  augmentation  need  to  be  Riven  a high  priority  in  the  development 
of  water  quality  control  programs. 

The  pollution  control  program  as  it  relates  to  mine  drainage 
is  discussed  in  Appendix  C. 


Table  H 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


19b0 


2000 


2020 


6 


22 


80  130 


Untreated  Waste  Loadings  (P.E.  in  1,000' s) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

85  150  UOO  750 
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WATER  AREA  I-l  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

The  water  supply  requirements  to  meet  benchmark  goals  are  shown 
in  Table  I-l.  In  water  area  I-l  water  use  by  municipalities  and  in- 
dustries is  widely  dispersed  between  the  many  small  communities  in  the 
area,  with  no  single  predominant  area  of  present  use.  Surface  water 
sources  are  used  almost  exclusively  for  satisfying  the  municipal  and 
industrial  demands. 

Future 

The  water  supply  needs  derived  from  the  benchmark  goals  indicate 
that  on  an  areawide  basis  present  base  flows  plus  storage  in  existing 
reservoirs  or  those  under  construction  or  advanced  planning  (Wolf 
Creek,  Green  River,  Laurel  River,  Booneville,  and  Dale  Hollow)  are 
capable  of  satisfying  the  total  2020  need  possibly  with  minimal  reallo- 
cation of  storage.  Should  economic  factors  other  than  present  water 
supply  availability  result  in  significant  development  in  areas  not 
easily  supplied  by  existing  sources  or  where  unused  water  resources 
exist,  additional  development  of  water  supply  would  be  indicated. 

These  potentially  water  supply  deficient  areas  would  appear  to  be 
largely  limited  to  the  upper  Cimiberland  River  and  its  tributaries 
above  the  mouth  of  Laurel  River.  Even  then  the  total  needs  to  meet 
benchmark  goals  are  not  of  such  a magnitude  that  storage  of  more  than 
a small  fraction  of  the  total  need  would  have  to  be  developed  for  any 
growth  location,  since  much  of  the  growth  could  be  supported  from  existing 
or  soon  to  be  constructed  water  resource  developments  largely  in  the 
western  portion  of  water  area  I-l.  Ground  water  is  not  generally  a 
significant  potentied  source  of  supply  and  major  resource  development 
for  water  supply  purposes  could  be  expected  to  be  derived  from  surface 
sources. 

WATER  POLLUTION  CONTROL 
Water  Quality  Problems 

Water  quality  in  all  major  streams  in  the  area  is  generally 
suitable  for  beneficial  use.  Mine  drainage  is  a significant  problem 
in  some  small  streams  in  McCreary,  Whitley,  Laurel,  Knox,  Bell,  Clay, 
and  Harlan  Counties.  Reservoir  developments  on  these  streams  would 
impound  water  of  questionable  quality  for  aquatic  life,  water  supply, 
and  recreational  uses.  (See  Appendix  C) 
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Water  Pollution  Control  Program 


Among  existing  or  planned  reservoirs  only  the  Green  River  Reservoir 
and  Martins  Fork  Reservoir  have  storage  allocated  to  water  qviality  control 
which  would  beneficially  affect  the  water  area  by  providing  quality 
respectively  for  the  Green  River  in  the  Green  County  area,  and  the 
Cumberland  River  in  the  Harlan  County  area. 

The  population  equivalent  loading  indicated  by  benchmark  goals 
(see  Table  I-l)  indicates  a need  to  be  concerned  with  in-plant  control, 
high  levels  of  treatment,  and  opportunities  for  flow  augmentation, 
except  for  the  Cumberland  River  below  Wolf  Creek  Reservoir  and  the 
Green  River  in  Green  County.  For  these  stream  reaches  secondary  treat- 
ment or  its  equivalent  for  industrial  wastes  along  with  in-plant  controls 
should  allow  assimilation  of  wastes  without  water  resource  development 
in  excess  of  that  now  provided.  The  pollution  control  program  as  it 
relates  to  mine  drainage  is  discussed  in  Appendix  C. 


Table  I-l 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 

i960  i960  2000  2020 

10  I4U  110  200 


Untreated  Waste  Loadings  (P.E.  in  1.000's) 
Accruing  from  Benchmark  Goals 

1980  2000  2020 

260  5'*0  950 


i960 

120 
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Adnuni  sit  ation 


WATER  AREA  1-2  RESUME 


I 

I 


WATER  SUPPLY  REQUIREMENTS 
Present 


In  water  area  1-2  water  use  by  municipalities  and  industries 
is  widely  dispersed  between  the  many  small  communities  in  the  area, 
with  no  single  predominant  area  of  use.  Surface  sources  are  utilized 
for  most  of  the  total  present  water  use. 

Future 


The  water  supply  needs  derived  from  the  benchmark  goals  (see 
Table  1-2)  indicate  that  on  an  area>wide  basis  present  base  flows  plus 
storage  in  existing  reservoirs  or  those  under  construction  or  advanced 
planning  (Center  Hill,  Dale  Hollow,  and  Cordell  Hull)  are  capable  of 
satisfying  the  total  2020  need  with  possibly  minimal  reallocation  of 
storage.  Should  economic  factors  other  than  present  water  supply 
availability  result  in  significant  development  in  areas  not  easily 
supplied  by  existing  and  planned  sources  or  where  unused  water  resources 
exist,  additional  development  of  water  supply  would  be  indicated. 

These  potentially  water  deficient  areas  would  appear  to  be  largely 
limited  to  the  Cumberland,  Fentress,  and  eastern  portions  of  White, 

Putnam,  and  Overton  County  areas,  including  Cookeville. 

Ground  water  is  not  expected  to  economically  provide  the  quantities 
of  water  necessary  for  significant  development  in  the  area. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

Water  quality  in  the  Cumberland  and  Caney  Fork  Rivers  is  of  a 
quality  such  as  not  to  limit  beneficial  uses.  Both  the  West  and  East 
Forks  of  the  Obey  River  are  affected  by  mine  drainage.  The  West  Fork 
is  most  severely  affected  at  and  for  a distance  below  the  mouth  of 
Cub  Creek.  The  East  Fork  Obey  River  is  the  stream  within  Tennessee 
most  severely  affected  by  mine  drainage  based  on  surveys  in  19^6.  For 
a more  detailed  discussion  of  mine  drainage  see  Appendix  C. 

Water  Pollution  Control  Program 

Based  on  the  Framework  Report  on  Water  Supply  and  Water  Quality 
Control  Problem  Areas  of  the  Ohio  River  Basin  (Appendix  D,  Ohio  River 
Basin  Comprehensive  Survey)  with  provision  of  secondary  treatment  at 
Nashville  and  elsewhere  and  adequate  control  of  industrial  wastes,  no 
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advanced  waste  treatment  of  flow  augmentation  measures  are  expected 
to  be  necessary  to  the  year  2020  to  provide  adequate  water  quality 
in  the  Cumberland  River.  Levels  of  development  indicated  to  meet 
benchmark  goals  in  the  1-2  area  would  not  change  the  above  conclusion. 
However,  development  in  the  headwater  eastern  and  southeastern  portions 
of  the  area  would  require  application  of  measures  including  in-plant 
control,  high  levels  of  treatment,  and  flow  regulation  to  assure  pro- 
tection of  the  water  resources  of  the  area.  The  pollution  control 
program  as  it  relates  to  mine  drainsige  is  discussed  in  Appendix  C. 


Table  1-2 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960 

6 


1980 

13 


2000 

37 


2020 

75 


Untreated  Waste  Loadings  (P.E.  in  1, OOP’s) 
Accruing  from  Benchmark  Goals 


i960 

65 


1980 

100 


2000 

230 


2020 

U50 
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WATER  AREA  J-1  RESUME 
WATER  SUPPLY  REQUIREMENTS 
Present 

The  major  part  of  this  water  area  lies  in  the  Valley  and 
Ridge  province  where  limestone  springs  are  the  source  of  many  municipal 
and  industrial  water  supplies.  Approximately  23  percent  of  the  public 
water  supply  comes  from  springs  and  wells.  Although  there  is  an 
abundance  of  surface  water  in  the  region,  its  use  has  been  limited 
because  of  economic  reasons  involved  in  its  treatment.  Present  water 
use  is  centered  largely  in  the  areas  of  Bristol,  Virginia-Tennessee, 
Kingsport,  Johnson  City,  and  Elizabethton , Tennessee. 

Future 

The  water  supply  needs  derived  from  benchmark  goals  (see  Table  J-l) 
indicate  that  on  an  area-wide  basis,  present  base  flow,  plus  possible 
reallocation  of  storage  in  impoundments,  is  sufficient  to  meet  needs. 
Significant  development  in  upstream  areas  would  require  additional 
development,  with  impounded  surface  sources  the  most  probable  solution. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

The  major  pollution  problems  affecting  the  water  users  of  this 
area  are  caused  by  high  calcium  chloride  content  in  the  North  Fork 
Holston  and  Holston  Rivers  from  industrial  waste  discharges  at  Saltville, 
Virginia,  and  by  bacterial  pollution  from  inadequately  treated  municipal 
and  industrial  wastes  discharged  into  the  streams.  To  a lesser  extent, 
acid  mine  drainage  causes  pollution  in  Tazewell,  Wise,  and  Lee  Counties 
in  Virginia. 

Water  Pollution  Control  Program 

The  calcium  chloride  pollution  of  the  Horth  Fork  Holston  River 
will  require  modifications  in  technology,  process  change,  and/or 
advanced  waste  treatment  measures. 

With  secondary  treatment  of  biodegradable  wastes,  deoxygenation 
should  not  generally  be  a problem.  Chlorination  of  municipal  effluents 
can  be  expected  to  control  bacterial  pollution,  except  during  high 
runoff  periods. 


The  significant  growth  indicated  by  benchmark  goals  will 
require  increasing  attention  to  nutrient  control  to  protect  the 
recreational  uses  in  the  many  impoundments  in  the  area  and  do%mstream. 
As  the  critical  growth  factors  are  determined,  and  as  measures  to 
control  these  factors  are  developed,  nutrient  control  can  be  expected 
to  be  implemented  where,  and  as  necessary,  to  protect  uses. 


Table  J-1 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Gosils 


i960  1980  2000 

280  5h0  770 


2020 

1150 


Untreated  Waste  Loadings  (P.E.  in  1, OOP’s) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

850  1650  2h30  3700 


D-94 


WATER  AREA  J-2  RESUME 
WATER  SUPPLY  REQUIREMENTS 
Present 

This  water  area  lies  in  the  Blue  Ridge  Region,  which  is  the 
letist  productive  groxind  water  province  in  Appalachia.  This  region 
is  underlain  by  dense,  sparsely  fractured,  poorly  permeable  crystalline 
rocks  that  yield  little  water  to  wells.  In  fact,  springs  and  wells 
provide  only  approximately  5 percent  of  the  public  water  supply  in 
this  area.  In  general,  surface  water  is  abundant  in  the  area.  Water 
use  is  largely  concentrated  in  the  Buncombe,  Haywood,  and  Henderson 
County  portion. 

Future 

The  indicated  water  supply  needed  to  meet  benchmark  goals  of 
development  can  be  met  by  existing  sources  of  supply,  providing  that 
impoundments  are  built  for  storage.  Use  of  water  from  these  impound- 
ments is  a critical  necessity  during  low  flow  periods. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

In  past  years,  the  main  source  of  pollution  in  this  North 
Carolina  water  area  was  a combination  of  untreated  or  inefficiently 

treated  municipal  and  industrial  wastes;  however,  great  progress  ) 

has  been  made  in  abating  pollution  in  the  area  in  recent  years. 

Major  sources  of  pollution,  with  present  estimated  waste  ; 

loadings  prior  to  and  following  installation  of  approved  pollution 
abatement  measures,  are  a pulp  and  paper  mill  at  Canton  discharging 

wastes  to  Pigeon  River  with  a P.E.  of  502,000  before  and  366,000  ‘ 

after  primary  treatment  for  all  wastes;  a cigarette  paper  and  cello- 
phane mill  at  Pisgah  Forest  discharging  wastes  to  Davidson  River, 
which  flows  into  the  French  Broad  River  at  river  mile  191. T,  with 

a P.E.  of  360,000  before  and  90,000  to  100,000  after  processing  and  r 

incineration  of  pulping  liquors  and  use  of  save-alls;  and  a pulp 
and  paperboard  mill  at  Sylva  discharging  wastes  to  Scotts  Creek, 

two  miles  above  Tuckasegee  River,  with  a P.E.  of  366,000  before  and  ^ 

55,000  after  processing  changes  and  processing  and  incineration  of  , 

pulping  liquors.  Note  is  made  that  the  indicated  efficiency  at  the 

latter  mill  is  being  obtained  only  about  90^  of  the  time  due  to  operating  i 

difficulties  which  are  expected  to  be  overcome  in  the  near  future. 
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Prior  to  installation  of  these  pollution  abatement  measures,  the 
wastes  grossly  depleted  the  oxygen  resources,  caused  sludge  deposits 
and  scum  blankets  in  pool  areas,  increased  coliform  densities  to 
large  numbers,  and  produced  aesthetically  undeairable  conditions 
in  free-flowing  and  impounded  areas  due  to  excessive  color.  While 
material  improvements  have  taken  place  in  the  Davidson  and  French 
Broad  Rivers,  as  well  as  in  Scott  Creek  and  Tuckasegee  River,  since 
installation  of  the  above  pollution  abatement  measures.  Pigeon  River 
continues  to  be  badly  degraded.  The  provision  of  secondary  treatment 
by  1969  for  all  wastes  from  the  pulp  and  paper  mill  at  Canton,  in- 
cluding the  wastes  from  the  town  of  Canton,  will  result  in  the  pro- 
tection of  Pigeon  River  for  its  best  usage  as  far  as  this  company 
and  the  town  are  concerned. 

Mica  and  feldspar  mining  operations  in  past  years  caused 
pronounced  turbidity  and  siltation  in  North  Toe  and  South  Toe  Rivers, 
but  assigned  water  quality  standards  are  presently  being  maintained. 

Prior  to  installation  of  zinc  recovery  from  3.0  mgd  of  zinc  bearing 
waste  and  secondary  treatment  of  O.UOO  mgd  of  domestic  waste  and  the 
strong  industrial  waste  from  a rayon  and  nylon  plant  at  Enka,  which 
reduces  the  P.E.  from  about  U2,000  to  33,000,  Hominy  Creek  was  severely 
polluted  in  the  8.5-mile  reach  extending  from  Enka  to  the  French 
Broad  River  at  river  mile  151.5.  While  there  has  been  obvious  improve- 
ment in  the  condition  of  Hominy  Creek  and  the  French  Broad  River, 
studies  are  needed  to  determine  the  degree  of  stream  improvement 
effected  and  the  need  for  additional  treatment. 

In  past  years,  untreated  wastes  from  the  Asheville  area  caused 
severe  degradation  of  the  French  Broad  River  near  and  below  river 
mile  1)49  and  of  pertinent  tributary  streams.  All  wastes  of  the  area, 
which  have  a present  P.E.  of  190,000,  are  now  receiving  secondary 
treatment  with  chlorination,  except  the  small  amount  of  waste  from 
the  Crescent  Hill  Sanitary  District,  with  a P.E.  of  800,  which  is  dis- 
charged to  Cane  Creek  without  treatment.  Similar  treatment  facilities 
will  be  provided  for  this  waste  as  soon  as  a plant  site  has  been  secured. 

In  addition  to  their  immediate  effect  on  water  quality,  the 
above  discharges  contain  quantities  of  nitrogen  and  phosphorus,  which 
together  with  that  of  the  projected  waste  discharges,  can  be  expected 
to  support  aquatic  weed  growth  in  the  river  below  Asheville  and  algal 
growths  in  Douglas  Reservoir  located  downstream  in  water  area  J-3. 
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Water  Pollution  Control  Program 

Great  progress  has  been  made  in  pollution  abatement  throughout 
the  water  area  since  Comprehensive  Pollution  Abatement  Plans  were 
issued  by  the  State  of  North  Carolina  for  the  French  Broad  River 
Basin  in  1958,  the  Hiwassee  and  Little  Tennessee  River  Basins  in 
1961,  and  the  Watauga  River  Basin  in  1963.  Secondary  treatment  or 
its  equivalent  is  being  required  throughout  the  area.  It  is  anticipated 
that  all  necessary  pollution  abatement  measures,  in  keeping  with 
assigned  water  quality  standards,  will  be  installed  by  1972.  While 
these  pollution  abatement  measures,  with  chlorination  of  effluents 
as  may  be  required,  will  Beet  present  stream  standards,  maintenance 
of  higher  water  quality  and  the  achievement  of  benchmark  goals  indicate 
a need  to  consider  flow  control  and/or  advemced  waste  treatment  to 
protect  the  waters  in  the  future. 

As  in  other  areas  of  the  Tennessee  River  Basin,  control  of 
nutrients  contained  in  existing  and  projected  waste  discharges  is 
indicated  to  protect  recreational  aesthetic  values  of  basin  waters. 

Measures  indicated  for  further  study  include  flow  control  and  treat-  1 

ment  procedures  for  controllable  dischsirges.  1 


Table  J-2 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 

i960  1980  2000  2020 

180  500  970  1800 


Untreated  Waste  Loadings  (P.E.  in  1.000's) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

1120  2150  3600  6100 
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WATER  AREA  J-2  MAP 


WATER  AREA  J-3  RESUME 


WATER  SUPPLY  REQUIREMENTS 


Present 


The  major  part  of  this  water  area  lies  in  the  Valley  and  Ridge 
province  where  limestone  springs  capable  of  supplying  many  municipalities 
and  industries  are  common.  However,  only  approximately  7 percent  of 
the  public  water  supply  comes  from  these  springs  and  wells.  The  im- 
poundments of  the  Tennessee  Valley  Authority  and  Alumlnwn  Company  of 
America  provide  abundant  sources  of  surface  water  supply  and  are  the 
major  sources  of  municipal  and  industrial  water  in  the  area. 

Future 


Economic  studies  of  the  Office  of  Business  Economics  and  the 
benchmark  development  goals  show  a very  large  growth  in  the  chemical 
industry.  When  this  growth  is  converted  to  apparent  water  needs, 
this  water  area  will  be  the  greatest  water  utilizer  after  the  year 
2000.  The  vast  resources  of  the  area  could,  however,  supply  this 
greatly  expanded  water  use,  provided  water  quality  is  suitably  pro- 
tected to  allow  a degree  of  downstream  reuse. 

WATER  POLLUTION  CONTROL 


Water  Quality  Problems 

One  major  problem  in  this  water  area  is  bacterial  pollution 
resulting  from  the  discharge  of  inadequately  treated  sanitary  wastes. 

The  Knoxville  area  is  one  of  the  major  sources  of  pollution,  and  minor 
sources  are  Maryville,  Alcoa,  Lenoir  City,  Loudon,  Harriman,  Kingston, 
Spring  City,  and  Newport.  Excessive  coliform  densities  and  pathogenic 
bacteria  have  been  isolated  from  waste  discharged  at  Newport,  Tennessee. 
Hardness  concentrations  in  the  Holston  River  caused  by  high  calcium 
chloride  content  in  the  industrial  wastes  discharged  at  Saltville 
(water  area  J-l)  have  resulted  in  increased  costs  of  treating  water 
for  domestic  and  industrial  uses  in  this  Tennessee  water  area. 

Acid  mine  drainage  causes  pollution  problems  in  Anderson, 
Campbell,  Morgan,  Roane,  and  Scott  Counties  in  Tennessee.  Some  of 
the  streams  in  Campbell  and  Claiborne  are  significantly  polluted,  and 
beneficial  uses  of  water  stored  in  impoundments  on  these  streams  would 
probably  be  adversely  affected.  In  the  New  River  drainage  basin  in 
Scott  County,  pollution  from  minor  tributaries  periodically  lowers 
the  alkalinity  and  pH  in  the  New  River  at  New  River,  Tennessee,  below 
desirable  levels  and  increases  the  iron  concentration  to  above  desirable 
levels . 
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other  problems  include  toxic  substances  and  undesirable  pH 
levels  due  to  industrial  waste  discharges  in  the  Lower  Nolichucky 
River,  and  color  problems  in  the  Pigeon  River  arising  from  paper 
mill  wastes  in  water  area  J-2,  Reference  is  made  to  that  portion 
of  the  report  dealing  with  water  area  J-2  for  information  concerning 
progress  in  pollution  abatement  in  North  Carolina. 

Water  Pollution  Control  Program 

For  the  most  part,  present  water  pollution  control  problems 
can  be  solved  by  secondary  treatment  of  biodegradable  wastes  and 
chlorination  of  effluents.  Future  development  will  require  increasing 
attention  to  in-plant  controls,  flow  control,  and  advanced  waste 
treatment  measures.  Nutrient  removal  and  control  of  taste  producing 
and  toxic  substances  are  expected  to  require  increasing  attention  to 
accommodate  increased  industrial  development  and  protect  the  water 
uses  of  the  area. 

Use  of  considerable  quantities  of  water  for  industrial  cooling 
could  cause  temperature  changes  deleterious  to  aquatic  life.  Careful 
consideration  of  this  potentiality  should  be  part  of  the  area  planning. 
Use  of  cooling  towers  could  serve  to  protect  against  thermal  pollution 
and  greatly  decrease  intake  water  demands,  but  this  would  result  in  a 
greater  consumptive  water  use. 

The  water  pollution  control  program  as  it  relates  to  abatement 
of  pollution  by  mine  drainage  is  discussed  in  more  detail  in  Appendix  C. 


Table  J-3 

Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 

i960  1980  2000  2020 

370  1350  3350  7950 


Untreated  Waste  Loadings  (P.E.  in  1.000*s) 
Accruing  from  Benchmark  Goals 

i960  1980  2000  2020 

1000  3250  7600  17,100 
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WATER  AREA  J-3  MAP 


WATER  AREA  J-h  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 


Present  municipal  and  industrial  water  use  is  largely  from  the 
impounded  sources  of  the  Tennessee  Valley  system.  The  Chattanooga 
SMSA  is  the  largest  user  of  impounded  water.  Approximately  10  percent 
of  the  public  water  supply  comes  from  springs  and/or  wells  of  the  Valley 
and  Ridge  aquiferous  province. 


Future 


The  considerable  growth  in  water  use  resulting  from  the  bencn- 
mark  goals  of  development  can  be  supplied  from  the  system  of  impound- 
ments in  the  area.  Additional  development  for  water  supply  purposes 
will  be  necessary  only  if  significant  development  occurs  in  upstream 
areas . 


water  pollution  control 


Water  Quality  Problems 

Due  to  paper  mill  wastes  discharged  near  Charleston,  Tennessee, 
the  portion  of  the  Hiwassee  River  from  the  mill  discharge  to  the  mouth 
of  the  river  is  undesirable  as  a source  of  public  water  supply. 

The  wastes  discharged  from  the  Volunteer  Army  Ammunition  f"!  ant 
near  Chattanooga  have  made  the  waters  of  Waconda  Ray  undesirable  for 
recreational  uses.  In  addition,  the  acid  and  ammonia  concentrations 
in  these  wastes  have  resulted  in  several  fish  kills  in  the  bay.  Waste 
discharges  from  floating  craft  directly  to  Chickamauga  Reservoir  are 
a growing  menace  to  its  recreational  use. 

Miinicipalities  and  industries  in  the  Chattanooga  area  have 
contaminated  the  Nicka.lack  Reservoir  with  high  bacterial  loads, 
rendering  a ma.lor  portion  of  the  reservoir  unfit  for  any  domestic 
or  recreational  uses.  There  is  a small  amount  of  acid  mine  drainage 
nollution  in  Hamilton  and  Sequatchie  Counties,  Tennessee. 

Wastes  from  a copper  production  plant  have  given  the  Ocoee 
River  an  undesirable  low  pi!. 

South  Chickamauga  Creek  and  Chattanooga  Creek  are  subject  to 
pollution  from  industrial  wastes  creating  undesirable  levels  o'"  color, 
toxic  substances,  and  taste  and  odor. 
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Water  Pollution  Control  Program 


r 


Secondary  treatment  and  chlorination  of  biodegradable  organic 
wastes  will  help  solve  much  of  the  present  pollution  problems. 

Benchmark  goals  of  development  will  require  design  of  facilities 
to  provide  maximum  in-plant  control. 

Development  in  upstream  areas  and  on  smaller  streams  will 
require  consideration  of  flow  control  and/or  advanced  waste  treatment. 

Concurrent  with  the  increased  economic  development,  control 
of  nutrients  to  protect  the  recreational  and  aesthetic  value  of  the 
waters  of  the  area  is  indicated. 


Table 


Water  Supply  Meeds  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Ooals 


i960 

I960 

2000 

2020 

165 

1^90 

1000 

2250 

i 

i 


Untreated  Waste  Loadings 

(P.E.  in  1,000's) 

Accruing  from  Benchmark  Goals 

i960 

i960 

2000  2020 

770 

2000 

3950  7600 
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WATER  AREA  J-^  RESUME 


WATER  SUPPLY  REQUIREMENTS 
Present 

Approximately  17  percent  of  the  public  water  supply  in  this 
water  area  comes  from  springs  and  wells  of  the  Appalachian  and  interior 
low  plateaus.  The  Tennessee  River  provides  most  of  the  remaining 
present  water  requirement.  The  Huntsville  SMSA  Is  tht  largest  water 
user  at  present;  however,  water  use  is  quits  dispersed  throughout  the 
area. 

Future 

The  benchmark  goals  of  development  indicate  water  needs  that 
can  be  provided  largely  from  existing  sources  of  supply.  Both  surface 
and  ground  water  supplies  are  expected  to  continue  to  be  important 
in  meeting  the  total  needs  of  the  area. 

WATER  POLLUTION  CONTROL 

Water  Quality  Problems 

Water  quality  in  this  area  has  been  degraded  by  inadequately 
treated  municipal  and  industrial  wastes.  Major  sources  of  pollution 
are  the  Bridgeport,  Huntsville,  Decatur,  and  Florence  areas  in  Alabama; 
minor  sources  are  the  Stevenson,  Scottsboro,  Guntersville,  Sheffield, 
Farley,  Muscle  Shoals,  and  Tuscumbia  areas,  also  in  Alabama.  In  many 
reaches  of  streams  the  oxygen  levels  are  not  sufficient  to  support 
fish  life.  Huntsville  Spring  Branch  is  grossly  polluted  with  organic 
wastes.  There  is  also  some  evidence  of  DDT  pollution  at  Redstone 
Arsenal.  Oil  releases  from  industrial  operations  entering  Huntsville 
Spring  Branch  interfere  with  surface  aeration  and  subsequent  oxidation 
of  the  heavy  organic  pollution  load  transported  in  the  Huntsville 
Spring  Branch.  Although  considerable  improvement  has  been  evident 
within  the  last  two  years,  further  progress  in  the  treatment  of  the 
industrial  wastes  is  required. 

Water  Pollution  Control  Program 

Present  pollution  problems  can  be  largely  solved  by  providing 
secondary  treatment  and  chlorinating  biodegradable  wastes.  In-plant 
control  measures  can  also  play  a major  role  in  solving  industrial 
waste  problems. 
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The  future  water  quality  in  this  area  will  be  largely  dependent 
on  measures  taken  in  upstream  areas  which  have  .lurisdiction  over 
pollution  control. 

Nutrient  control  is  expected  to  be  an  important  aspect  of 
protecting  the  recreational  and  aesthetic  values  of  the  impounded 
waters  of  the  Tennessee  River  Basin.  Such  control  is  expected  to 
be  increasingly  important  as  economic  development  progresses. 


Table 


Water  Supply  Needs  in  Million  Gallons  per  Day  for 
Municipal  and  Industrial  Use 
to  meet  Benchmark  Goals 


i960  1980 

110  320 


2000  2020 

570  1350 


Untreated  Waste  Loadings  (P.E.  in  1.000's) 
Accruing  from  Benchmark  Goals 


i960  1980 

1*50  1250 


2000  2020 

21*50  1*900 
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supplement  a 

U.S.  Public  Health  Service 
Health  Aspects 


SUPPLEMENT  A 
HEALTH  ASPECTS 


Development  of  Water  Resources  for  Appalachia 
Department  of  Health,  Education,  and  Welfare 


Introduction 


This  supplement  provides  certain  information  regarding  health 
aspects  of  water  pollution  control  which  should  be  considered  in  the 
Water  Resources  Study  for  Appalachia,  Health  aspects,  as  defined  for 
this  supplement,  include  raw  water  quality  criteria  for  domestic  and 
food  processing  uses,  and  for  recreational  uses.  A comprehensive 
definition  of  health  aspects  of  water  resources  and  related  land  use 
planning  and  development,  however,  would  include  the  consideration 
of  problems  stemming  from  air  pollution;  solid  wastes  disposal; 
radiological  sources;  the  planning  of  recreational  areas;  the  pre- 
vention and  control  of  insect  and  vector  problems  which  are  commonly 
associated  with  impounded  waters;  and  other  facets  that  may  affect 
the  health  and  welfare  of  man. 

The  health  aspects  of  the  Appalachian  study  take  on  added 
importance  as  the  stated  purpose  of  the  Appalachian  Regional  Develop- 
ment Act  is  comprehensive  planning  for  the  development  and  efficient 
utilization  of  water  and  water  related  resources,  "giving  special 
attention  to  the  need  for  an  increase  in  the  production  of  economic 
goods  and  services  within  the  region  as  a means  of  expanding  economic 
opportunities  and  thus  enhancing  the  welfare  of  its  people."*  The 
planning  required  to  fulfill  this  obligation  of  the  Act  cannot  be 
confined  to  increasing  the  production  of  economic  goods  without 
consideration  of  the  effects  of  the  plan  on  the  environment  and  the 
health  and  welfare  of  the  inhabitants  in  the  area. 

The  Department  of  Health,  Education,  and  Welfare  is  the  Federal 
Department  with  the  primary  responsibility  of  evaluating  the  factors 
that  may  influence  the  nation's  health.  The  evaluation  of  the  health 
aspects  of  areal  water  resources  planning  and  development  is  an 
important  factor  in  fulfilling  this  responsibility.  Planning  should 
include  measures  to  eliminate  or  minimize  existing  health  threats 
and  include  provisions  to  improve  the  health  and  well-being  of  man. 

In  order  that  agencies  participating  in  water  resource  studies 
may  be  cognizant  of  the  health  aspects,  a series  of  "Health  Guidelines 
for  Water  Resource  and  Related  Land  Use  Management"  have  been  prepared 
and  are  available  upon  request  from  DHEW,  Consumer  Protection  and 
Environmental  Health  Service,  Environmental  Control  Administration. 
These  Guidelines  are  as  follows: 

Part  I - Public  Drinking  Water  Supply 
Part  II  - Recreation  Area  Development 
Part  III  - Solid  Waste  Management 
Part  IV  - Vector  Control 

Part  V - Shellfish  Growing  and  Harvesting  Waters 

Part  VI  - Irrigation 

Part  VII  - Radiological  Health 


I Appalachian  Act,  Section  206a 
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In  addition,  "Health  Guidelines  for  Raw  Water  Quality"  have  been 
prepared  for  the  purpose  of  providing  specific  information  to  agencies 
involved  in  the  planning  and  development  of  water  resources  where  that 
resource  is  intended  for  use  as  a source  for  public  water  supply; 
processing  of  food;  and  for  recreation.  These  Guidelines  have  been 
prepared  in  two  sections  which  are  appended  to  this  supplement: 

Section  I - Raw  Water  Quality  Criteria  for  Domestic  and  Food 
Processing  Uses 

Section  II  - Raw  Water  Quality  Criteria  for  Recreational  Use 

Agencies  concerned  with  investigating  sources  of  water  for 
municipal  and  industrial  (food  processing)  uses  are  encouraged  to 
evaluate  the  source  in  accordance  with  the  three  basic  consider- 
ations included  in  Section  I.  Since  biological  and  chemical  criteria 
are  included,  the  guidelines  should  be  useful  not  only  in  the  evalu- 
ation of  sources  for  potable  water  supplies,  but  also  in  determining 
the  degree  of  waste  treatment  or  the  need  for  flow  regulation  for 
water  quality  control. 

Water  resources  planning  as  related  to  water  supply  should  not 
be  limited  to  an  evaluation  of  water  quality  or  the  need  for  storage, 
but  also  should  include  an  evaluation  of  treatment,  transmission  and 
distribution  capabilities  of  the  system.  Water  resources  planning, 
and  specifically  water  supply  system  planning,  is  not  complete  until 
the  investigation  and  evaluation  have  proceeded  to  the  point  of 
water  use.  The  value  of  an  adequate  source  of  water  cannot  be 
realized  until  the  water  is  delivered  to  the  consumer. 

Agencies  concerned  with  investigating  sources  of  water  for  body 
contact  recreational  purposes  are  encouraged  to  evaluate  the  source 
in  accordance  with  the  biological,  chemical,  and  physical  raw  water 
quality  criteria  included  in  Section  II. 


HEALTH  GUIDELINES  FOR  RAW  WATER  QUALITY 
INTRODUCTION 

These  health  guidelines  are  for  the  guidance  of  Federal  and 
other  agencies  concerned  with  the  development  of  the  Nation's 
water  resources.  The  guidelines  also  fulfill,  in  part,  DHEW's 
commitment  to  the  Federal  Water  Pollution  Control  Administration, 
Department  of  Interior,  pursuant  to  section  5(a)  of  the  DHEW- 
Interior  Interdepartmental  Agreement  "Health  Aspects  of  Water 
Pollution  Control,"  dated  September  2,  1966,  which  read  as 
fol lows : 

"5.  Under  the  terms  of  this  Interdepartmental  Agreement 

the  Department  of  Health,  Education,  and  Welfare  will 

provide  advice  to  the  Department  of  the  Interior  as  follows: 
(a)  Recommendations  on  criteria  for  water  quality 
standard  setting  based  on  health  aspects  of  intended 
water  use  for  drinking  water  supplies,  shellfish  and 
other  marine  food  production,  bathing,  and  other 
water  contact  activities.  Recommendations  will  be 
provided  and  modified  as  new  supporting  data  are 
developed. " 

The  guidelines  are  prepared  in  two  sections; 

Section  I - Raw  Water  Quality  Criteria  for  Domestic  and  Food 
Processing  Uses. 

Section  II  - Raw  Water  Quality  Criteria  for  Recreational  Use. 

These  guidelines  are  subject  to  review  and  modification  as 
new  research  findings  and  knowledge  become  available. 

A fundamental  premise  to  the  development  of  these  guidelines 
is  that  the  effluents  from  domestic  primary  sewage  treatment  plants 
are  of  too  variable  a quality  to  permit  effective  disinfection. 
Where  uses  of  the  receiving  waters  involve  intimate  human  contact, 
standards  must  reflect  a commitment  to  at  least  secondary  treatment 
plus  effective  disinfection  of  discharge.  Intimate  human  contact 
Includes,  but  is  not  limited  to  the  following  water  uses: 

1.  Domestic  water  supply 

2.  Water  contact  recreation 

3.  Shellfish  growing 

4.  Food  processing 

5.  Irrigation  of  crops  grown  for  direct  human  consumption. 
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SECTION  .1 

RAW  WATER  QUALITY  CRITERIA  FOR 
DOMESTIC  AND  FOOD  PROCESSING  USES 

OBJECTIVE 

The  criteria  contained  in  this  section  are  designed  to  insure 
a reliable  quality  of  raw  surface  or  underground  water  resources 
which  are  to  be  used  for  domestic  or  food  processing  purposes. 

Varying  levels  of  quality  are  identified  depending  on  the  degree 
of  treatment  to  be  provided.  Ideally,  every  effort  should  be  made 
to  maintain  water  resources  at  as  high  a level  of  quality  as  possible. 

I While  the  application  of  additional  treatment  processes  may  result 

i,  in  water  suitable  for  domestic  and  food  processing  uses,  the  factors 

I of  safety  are  reduced  and  the  health  hazard  potential  of  the  water 

I supply  is  increased  when  more  polluted  sources  are  used. 

The  primary  objective  of  these  criteria  is  to  establish  the 
level  of  raw  water  quality  necessary  to  produce  a finished  water 
i which  meets  the  requirements  of  the  1962  Public  Health  Service 

I Drinking  Water  Standards. 

I The  Standards  have  been  developed  by  the  Public  Health  Service, 

and  updated  as  needed,  in  connection  with  its  responsibilities 
I relative  to  the  certification  of  potable  water  used  by  interstate 

f carriers.  These  Standards  constitute  the  essential  baseline  for 

; health  criteria  with  respect  to  water  quality  for  domestic  and  food 

processing  uses.  They  also  serve  as  an  important  reference  point 
( for  health  criteria  with  respect  to  water  quality  for  other  uses, 

i The  three  basic  considerations  in  the  determination  of  suitability 

- of  raw  water  for  the  intended  use  are: 

; 1.  Conformance  with  the  raw  water  quality  criteria  covering 

j bacteriological,  chemical,  physical,  and  radiological 

limits. 

S 2.  A sanitary  survey  made  by  qualified  public  health  author- 

ities is  needed  to  reveal  health  hazards  in  consideration 
of  specific  waters.  The  survey  report  should  include 
recommendations  for: 

a.  The  elimination  of  the  health  hazards  found. 

b.  Level  of  treatment  needed. 

3.  An  epidemiological  evaluation  to  determine  whether 

identifiable  disease  occurrences  have  been  associated  with 
specific  waters.  Initially,  such  an  assessment  will  depend 
( upon  existing  records.  Plans  should  be  made,  however,  for 

j relating  of  the  water  quality  and  development  to  epidemio- 

I logical  surveillance  on  a continuing  systematic  basis  by 

heal th  author i t ies . 

‘ Negative  findings  on  any  one  of  the  three  aspects  would  raise 

serious  questions  with  regard  to  the  development  and  use  of  specific 
waters  for  human  purposes. 
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Raw  Water  Quality  Criteria 


A.  Ground  Water  --  To  be  used  without  treatment 

1.  Bacteriological  Quality  — Meets  Drinking  Water  Standards 
Section  3 


2.  Physical  Characteristics: 

Turbidity  ------------  5 units 

Color  --------------  15  units 

Threshold  Odor  Number  ------  3 units 

3.  Chemical  Characteristics: 

Substance  Concentration  (mg/l) 


Arsenic  (As)  0.01 

Bar  I urn  (Ba)  1 .0 

Boron  (B)  1.0 

Cadmium  (Cd)  0.01 

Carbon  Chloroform  Extract  (CCE)  0.2 

Chloride  (Cl)  ^ 250 

Chromium  (hexavalent,  Cr  ) 0.05 

Copper  (Cu)  1.0 

Cyanide  (CN)  0.01 

Detergents  (Methylene  Blue  Active 

Substances)  0.5 

Fluoride  (F) 

50.0-58.3°F*  1.8 

58.4-70. 6°F*  1.5 

70.7-90.5°F*  1.2 

Iron  (Fe)  0.3 

Lead  (Pb)  0.05 

Manganese  (Mn)  0.05 

Nitrogen  (in  nitrate  or  nitrite  form)  10.0 
Phenols  0.001 

Selenium  (Se)  0.01 

Silver  (Ag)  0.05 

Sulfate  (SO/^)  250 

Total  Dissolved  Solids  500 

Uranyl  Ion  (UO-'*’'*’)  5.0 

Zinc  (Zn)  5.0 


*Annua1  average  of  maximum  daily  air  temperatures 
-.'riVPHS  Drinking  Water  Standards,  1962 


i. 


D-111 


r 


Substance 

(Pesticides) 


Concentration  (mq/O 


Endrin 

0.001 

Aldrin 

0.017 

Dieldr  in 

0.017 

L i ndane 

0.056 

Toxaphene 

0.005 

Heptachlor 

0.018 

Heptachlor  Epoxide 

0.018 

DDT 

0.042 

Chlordane 

0.003 

Methoxychlor 

Total  Organophosphorous  and 

0.035 

Carbamate  Compounds  (expressed 
In  terms  of  Parathion  Equivalent 
Cholinesterase  Inhibitions)  0.1 

2.4.5- TP  Individual  limits  = 0.1  mg/h'-'- 

2.4.5- T  Sum  of  any  combination  of  chlorinated 

2,4-0  phenoxy  alkyl  pesticides  = 0.1  mg/l.'’“" 

Short  period  limit  only--two  to  three  days,  no 
more  than  once  or  twice  a year. 

4.  Radioactivity  (See  Drinking  Water  Standards,*  Section  6.) 
Radium-226  3 uuc/I 

Strontium-90  10  uuc/1 

Gross  Beta  1000  uuc/1 


B.  Water  to  be  Treated  by  Disinfection  Only 


I. 


2. 


3. 

4. 


Bacteriological  Quality: 

a.  Coliform  Group:  Less  than  100/100  ml  as  measured  by  a 

monthly  arithmetic  mean. 

b.  Fecal  Coliform:  If  fecal  coliform  density  is  measured, 

the  above  total  coliform  density  may  be  exceeded,  but 
fecal  coliform  density  should  not  exceed  20/100  ml  as 
measured  by  a monthly  arithmetic  mean. 

Physical  Characteristics: 

Turbidity  ------------  5 units 

Color  --------------  15  units 

Threshold  odor  number  ------  3 units 

Chemical  Characteristics:  Meets  Section  A. 3 above. 

Radioactivi ty : 

Radium-226  3 uuc/1 

Strontium-90  10  uuc/1 

Gross  Beta  1000  uuc/1 


* PHS  Drinking  Water  Standards,  1962 
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C.  Water  to  be  Given  Complete*  Treatment 


1.  Bacteriological  Quality: 

a.  Total  Conform  Density:  Less  than  20,000/100  ml  as 

measured  by  a monthly  geometric  mean,  or 

b.  Fecal  Coliform  Density:  If  fecal  col i form  density  is 

measured,  the  above  total  coliform  density  may  be 
exceeded  but  fecal  coliform  should  not  exceed 
4,000/100  ml  as  measured  by  a monthly  geometric  mean. 

2.  Physical  Characteristics: 

a.  Color  ----------  75  color  units 

(This  limit  applies  only  to  non-industrial  sources; 
industrial  concentrations  of  color  should  be  handled 
on  a case-by-case  basis  and  should  not  exceed  levels 
which  are  treatable  by  complete  conventional  means.) 

b.  Odor  ----------  5 threshold  numbers 

Turbidity  -------  Variable 

(Factors  of  nature,  sire,  and  electrical  charge  for 
the  different  particles  causing  turbidity  require  a 
variable  limit.  Turbidity  should  remain  within  a 
range  which  is  readily  treatable  by  complete  conven- 
tional means;  it  should  not  overload  the  water 
treatment  works;  and  it  should  not  change  rapidly 
either  in  nature  or  in  concentration  where  such 
rapid  shifts  would  upset  normal  treatment  operations.) 

3.  Chemical  Characteristics:  Meets  Section  A. 3 above. 

Minor  deviations  can  be  considered  on  an  individual 
basis  for  such  chemicals  as  iron  and  manganese,  when 
the  water  supply  treatment  process  will  reduce  the 
chemical  concentration  in  the  finished  water  to  or 
below  the  specified  limit. 

4.  Radioactivity: 

Radium-226  3 uuc/1 

Strontlum-90  10  uuc/1 

Gross  Beta  1000  uuc/1 


* Includes 
Pre-  and 


Coagulation,  Sedimentation, 
Post-Disinfection 


Rapid  Sand  Filtration,  and 
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SECTION  I I 


RAW  WATER  QUALITY  CRITERIA 
FOR  RECREATIONAL  USE 

OBJECTIVE 

The  criteria  contained  in  this  section  are  designed  to  insure  a 
desirable  quality  of  raw  water  resources  which  are  to  be  used  for 
body  contact  recreational  purposes.  Ideally,  every  effort  should  be 
made  to  maintain  water  resources  at  as  high  a level  of  quality  as 
possible.  The  bacteriological  levels  specified  are  those  which 
represent  the  best  knowledge  on  the  subject  at  the  present  tiirie,  and 
are  subject  to  revision  as  new  research  information  becomes  available. 
The  chemical  and  physical  levels  specify  an  aesthetically  satisfactory 
water  as  well  as  a safe  water. 

RAW  WATER  QUALITY  CRITERIA 

These  guidelines  include  biological,  chemical,  and  physical 
quality  criteria  for  body  contact  recreational  use.  Final  judgment 
on  the  acceptability  of  the  use  of  any  water  classified  under  these 
guidelines  shoe  id  also  include  consideration  of  the  significance  of 
the  findings  of  a complete  survey  and  continuous  surveillance  of 
possible  hazards  as  well  as  appropriate  safety  considerations. 

Biological 

The  fecal  col i form  density  should  not  exceed  a geometric  mean 
of  200/100  ml  with  a sampling  frequency  of  5 samples  per  month  taken 
during  peak  recreational  use.  Not  more  than  10  percent  of  the 
samples'  fecal  coliform  densities  should  exceed  400/100  ml. 

Chemical 

The  water  should  contain  no  chemical  which  could  cause  toxic 
reaction  if  ingested  or  irritation  to  the  skin  or  eyes.  The  water's 
pH  should  be  within  the  range  6.5-8. 3. 

Phvs i cal 

The  water's  color  should  not  exceed  15  standard  units  and  its 
turbidity  should  not  exceed  30  standard  units.  Maximum  water 
temperatures  should  not  exceed  85°F  (30°C). 
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SUPPLEMENT  B 


Federal  Water  Pollution  Control  Administration 
Individual  Project  Reports 
on  Water  Supply  and  Water  Pollution  Control 


SUPPLEMENT  B 

INDIVIDUAL  PROJECT  REPORTS 
ON  WATER  SUPPLY  AND  WATER  POLLUTION  CONTROL 


Federal  Water  Pollution  Control  Administration 
Introduction 

Since  the  Appalachia  study  was  initiated,  the  Water  Resources 
Council  has  undertaken  an  extensive  review  of  analysis  procedures  and 
reimbursement  policies  on  the  inclusion  of  storage  for  water  quality 
management  in  Federal  projects.  The  Council  and  the  several  water 
resource  agencies  concerned  with  this  feature  of  water  resource 
development  are  now  involved  in  this  review.  On  June  l6 , 1967,  the 
Secretary  of  the  Interior  set  forth  a new  policy  for  inclusion  of 
storage  for  water  quality  management  purposes.  The  Secretary  has 
directed  the  Federal  Water  Pollution  Control  Administration  and  other 
Interior  agencies  concerned  to  apply  the  new  policy  to  projects  origin- 
ating within  the  Department  of  the  Interior  and  has  recommended  that  it  be 
adopted  by  other  Federal  construction  agencies.  While  this  new  policy 
has  many  implications,  there  are  two  which  are  of  particular  significance. 

First  of  all.  Secretary  Udall  has  directed  that  water  quality 
benefits  resulting  from  water  resoirrces  projects  be  evaluated  to  the 
maximum  extent  possible  in  terms  of  a direct  appraisal  of  the  value  of 
the  water  uses  protected  or  enhanced.  He  has  further  recommended  in 
his  letter  to  the  Water  Resources  Council  and  the  Bureau  of  the  Budget 
that  costs  of  water  quality  management  storage  should  be  reimbursable 
on  a basis  comparable  with  local  participation  under  other  programs. 

Second,  he  has  directed  the  Federal  Water  Pollution  Control 
Administration  to  give  more  explicit  consideration  to  possible  alterna- 
tives to  flow  regulation.  This  might  permit  meeting  the  water  quality 
objectives  with  lesser  amounts  of  storage  for  water  quality  management 
purposes  in  project  design.  It  would  also  require  that  projects  be 
periodically  reviewed  to  determine  whether  storage  originally  provided 
for  streamflow  regulation  could  be  reallocated  to  other  uses  in  future 
years  when  advanced  waste  treatment  technology  becomes  more  economical 
to  apply. 

It  is  recognized  that  some  difficulties  in  water  resource  project 
planning  will  arise  during  the  interim  period  of  changing  and  emerging 
policy.  This  new  look  at  streamflow  regulation  and  its  contribution 
to  water  quality  control  is  needed  to  make  streamflow  regulation  a mere 
effective  tool  in  overall  water  resource  development.  Over  the  long 
run,  it  is  believed  that  this  re-evaluation  of  policy  on  streamflow 
regulation  benefits  by  the  Water  Resources  Council  will  make  a signifi- 
cant contribution  to  the  optimum  development  and  use  of  our  water 
resources . 

Project  reports  in  this  section  of  the  Appalachia  report  were 
prepared  over  a period  of  years.  At  this  stage  they  reflect  a good 
appraisal  of  quality  control  problems  and  of  the  contribution  that 
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streamflow  regulation  can  make  to  the  maintenance  of  the  quality  of 
the  Region's  streams.  They  do  not,  however,  reflect  the  Secretary's 
new  policies  with  respect  to  enumeration  of  direct  beneficiaries  and 
full  consideration  of  possible  alternatives  to  flow  regulation. 

In  particular,  further  research  and  development  can  be  expected 
to  result  in  some  further  reduction  in  costs  of  advanced  waste 
treatment  and  to  give  greater  assurance  of  plant  reliability.  In 
some  cases,  it  may  be  found  possible,  through  the  use  of  a higher 
level  of  waste  treatment , to  maintain  water  quality  at  lower  cost 
than  is  indicated  in  this  report.  Appropriate  modification  of 
specific  project  features  could  be  considered,  if  this  occurs.  Other 
project  features  and  area  interests  would  need  to  be  considered  in 
any  such  changes. 

In  addition,  since  the  Appalachian  study  was  initiated,  water 
quality  standards  provisions  have  been  added  to  the  Federal  Water 
Pollution  Control  Act.  The  recommendations  of  the  States  were 
submitted  to  the  Secretary  of  the  Interior  on  or  before  June  30,  1967* 
Only  a few  of  the  standards  for  interstate  streams  had  been  approved 
by  the  Secretary  at  the  time  the  individual  project  reports  were 
completed.  As  a result  of  extensive  review  and  consideration  of  fishery 
needs  carried  out  in  connection  with  the  establishment  of  water  quality 
standards,  it  appears  likely  that  the  U mg/1  dissolved  oxygen  used  in 
some  of  the  reports  as  the  basis  for  computation  of  flow  regulation 
requirements  is  too  low  and  that  5 mg/1  should  be  maintained  in 
streams  designated  for  fishery  use.  An  increase  from  mg/1  to  5 mg/1 
in  the  dissolved  oxygen  objective  for  the  streams  in  the  Appalachian 
area  will  either  require  additional  storage  and/or  treatment  or  will 
shorten  the  period  over  which  the  storage  presently  provided  in  this 
area  will  be  sufficient  to  maintain  the  desired  water  quality. 

Because  of  the  rapid  changes  in  waste  treatment  technology 
occurring  at  this  time,  it  is  recommended  that  each  of  the  reports 
which  follow  be  reviewed  and,  if  necessary,  revised  at  the  time  of 
detailed  project  planning  to  reflect  current  technology,  water  quality 
standards,  and  the  cost  sharing  policy  being  applied  under  the 
Appalchian  program. 
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SUPPLEMENT  B 

INDIVIDUAL  PROJECT  REPORTS 
ON  WATER  SUPPLY  AND  WATER  POLLUTION  CONTROL 

Federal  Water  Pollution  Control  Administration 


Introduction 


Since  the  Appalachia  study  was  initiated,  the  Water  Resources 
Council  has  undertaken  an  extensive  review  of  analysis  procedures  and 
reimbursement  policies  on  the  inclusion  of  storage  for  water  quality 
management  in  Federal  projects.  The  Council  and  the  several  water 
resource  agencies  concerned  with  this  feature  of  water  resource 
development  are  now  involved  in  this  review.  On  June  l6 , 1967,  the 
Secretary  of  the  Interior  set  forth  a new  policy  for  inclusion  of 
storage  for  water  quality  management  purposes.  The  Secretary  has 
directed  the  Federal  Water  Pollution  Control  Administration  and  other 
Interior  agencies  concerned  to  apply  the  ne»r  policy  to  projects  origin- 
ating within  the  Department  of  the  Interior  and  has  recommended  that  it  be 
adopted  by  other  Federal  construction  agencies.  While  this  new  policy 
has  many  implications,  there  are  two  which  are  of  particular  significance. 

First  of  all.  Secretary  Udall  has  directed  that  water  quality 
benefits  resulting  from  water  resources  projects  be  evaluated  to  the 
maximum  extent  possible  in  terms  of  a direct  appraisal  of  the  value  of 
the  water  uses  protected  or  enhanced.  He  has  further  recommended  in 
his  letter  to  the  Water  Resources  Council  and  the  Bureau  of  the  Budget 
that  costs  of  water  quality  management  storage  should  be  reimbursable 
on  a basis  comparable  with  local  participation  under  other  programs. 

Second,  he  has  directed  the  Federal  Water  Pollution  Control 
Administration  to  give  more  explicit  consideration  to  possible  alterna- 
tives to  flow  regulation.  This  might  permit  meeting  the  water  quality 
objectives  with  lesser  amounts  of  storage  for  water  quality  management 
purposes  in  project  design.  It  would  also  require  that  projects  be 
periodically  reviewed  to  determine  whether  storage  originally  provided 
for  streamflow  regulation  could  be  reallocated  to  other  uses  in  future 
years  when  advanced  waste  treatment  technology  becomes  more  economical 
to  apply. 

It  is  recognized  that  some  difficulties  in  water  resource  project 
planning  will  arise  during  the  interim  .period  of  changing  and  emerging 
policy.  This  new  look  at  streamflow  regulation  and  its  contribution 
to  water  quality  control  is  needed  to  make  streamflow  regulation  a more 
effective  tool  in  overall  water  resource  development.  Over  the  long 
run,  it  is  believed  that  this  re-evaluation  of  policy  on  streamflow 
regulation  benefits  by  the  Water  Resources  Council  will  make  a signifi- 
cant contribution  to  the  optimum  development  and  use  of  our  water 
resources . 

Project  reports  in  this  section  of  the  Appalachia  report  were 
prepared  over  a period  of  years.  At  this  stage  they  reflect  a good 
appraisal  of  quality  control  problems  and  of  the  contribution  that 
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streamflow  regulation  can  make  to  the  maintenance  of  the  quality  of 
the  Region's  streams.  They  do  not,  however,  reflect  the  Secretary's 
new  policies  with  respect  to  enumeration  of  direct  beneficiaries  and 
full  consideration  of  possible  alternatives  to  flow  regulation. 

In  particular,  further  research  and  development  can  be  expected 
to  result  in  some  further  reduction  in  costs  of  advanced  waste 
treatment  and  to  give  greater  assurance  of  plant  reliability.  In 
some  cases,  it  may  be  found  possible,  through  the  use  of  a higher 
level  of  waste  treatment , to  maintain  water  quality  at  lower  cost 
than  is  indicated  in  this  report.  Appropriate  modification  of 
specific  project  features  could  be  considered,  if  this  occurs.  Other 
project  features  and  area  interests  would  need  to  be  considered  in 
any  such  changes. 

In  addition,  since  the  Appalachian  study  was  initiated,  water 
quality  standards  provisions  have  been  added  to  the  Federal  Water 
Pollution  Control  Act.  The  recommendations  of  the  States  were 
submitted  to  the  Secretary  of  the  Interior  on  or  before  June  30,  1967 . 
Only  a few  of  the  standards  for  interstate  streams  had  been  approved 
by  the  Secretary  at  the  time  the  individual  project  reports  were 
completed.  As  a result  of  extensive  review  and  consideration  of  fishery 
needs  carried  out  in  connection  with  the  establishment  of  water  quality 
standards,  it  appears  likely  that  the  U mg/1  dissolved  oxygen  used  in 
some  of  the  reports  as  the  basis  for  computation  of  flow  regulation 
requirements  is  too  low  and  that  5 mg/1  should  be  maintained  in 
streams  designated  for  fishery  use.  An  increase  from  h mg/1  to  5 mg/1 
in  the  dissolved  oxygen  objective  for  the  streams  in  the  Appalachian 
area  will  either  require  additional  storage  and/or  treatment  or  will 
shorten  the  period  over  which  the  storage  presently  provided  in  this 
area  will  be  sufficient  to  maintain  the  desired  water  quality. 

Because  of  the  rapid  changes  in  waste  treatment  technology 
occurring  at  this  time,  it  is  recommended  that  each  of  the  reports 
which  follow  be  reviewed  and,  if  necessary,  revised  at  the  time  of 
detailed  project  planning  to  reflect  current  technology,  water  quality 
standards,  and  the  cost  sharing  policy  being  applied  under  the 
Appalchian  program. 
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U.S.  DEPARTMENT  OF  AGRICULTURE 
UPSTREAM  RESERVOIR  PROJECTS 


by 

Federal  Water  Pollution  Control  Administration 
Ohio  Basin  Region 

and 

U.S.  Department  of  Agriculture 


U.S.  DEPARTMENT  OF  AGRICULTURE 
UPSTREAM  RESERVOIR  PROJECTS 


The  U.S.  Department  of  Agriculture  studied  approximately 
100  potential  upstream  reservoir  projects  in  the  Appalachian 
area.  Various  cooperating  agencies  were  requested  to  identify 
water  resource  needs  that  might  be  satisfied  by  these  projects. 

The  Federal  Water  Pollution  Control  Administration  prepared 
preliminary  evaluations  of  the  water  supply  and  quality  control 
needs  that  might  be  served  from  these  projects.  These  evaluations 
are  subject  to  revision  based  on  a more  thorough  study  for  those 
potential  projects  that  are  carried  to  advanced  stages  of  planning. 
Based  on  these  preliminary  evaluations  from  the  Federal  Water  Pol- 
lution Control  Administration,  the  following  tabulation  was  pre- 
pared by  the  Department  of  Agriculture. 


Water 

Storage  ( 

acre-ft. ) 

in  Potential 

Un  stream 

USDA  Projects  Studied 

Sub- 

M & I 

Water 

Additional 

Region 

Recreation 

Water 

Quality 

Beneficial 

A 

5,483 

— 

— 

— 

B 

40,135 

1,665 

— 

47,490 

C 

7,632 

26,170 

— 

314,274 

D 

5,685 

16,185 

13,575 

114,985 

E 

7,030 

3,986 

— 

84,860 

F 

141,475 

64,622 

— 

260,575 

G 

130,551 

21,346 

19,570 

223,110 

H 

3,858 

600 

— 

46,300 

I 

11,725 

15,350 

— 

110,995 

J 

11.816 

4^.3b4 

3.360 

82,745 

Total 

365,340 

163,248 

38,505 

1,285,334 

For  more  information  on  tne  location  and  potential  of  these 
projects  see  Appendix  A. 
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APPALACHIA  PROGRAM 


r 


WATER  SUPPLY  AND  WATER  QUALITY  CONTROL  STUDY 


PROMPTON  RESERVOIR  PROJECT 
Delaware  River  Basin 


bt 

U.  S.  Department  of  the  Interior 
Federal  Water  Pollution  Control  Administration 
Northeast  Region 
Boston,  Massachusetts 


r 


1 


PROMPTON  RESERVOIR 


With  regard  to  the  Prompton  Reservoir,  we  have  reviewed  the  needs 
for  water  supply  and  for  flow  regulation  for  water  quality  control, 
and  conclude  that  needs  do  not  exist  which  would  warrant  a full 
scale  study  and  summary  report. 

The  Third  Water  Resources  Program  of  the  Delaware  River  Basin  Com- 
mission, dated  September  1965,  describes  the  surface  waters  in  the 
upper  portions  of  the  Delaware  River  Basin  including  the  Lackawaxen 
River,  as  being  of  high  quality,  that  is,  generally  saturated  with 
dissolved  oxygen,  low  in  hardness,  and  high  in  clarity.  Studies 
by  the  Delaware  River  Basin  Commission  project  a relatively  small 
increase  in  population  for  the  Lackawaxen  Basin,  which  suggests 
that  future,  adequately  treated  waste  discharges  will  not  be 
substantial.  TTierefore,  the  Lackawaxen  River  is,  and  should  continue 
to  be,  of  high  quality  and  should  not  require  storage  releases  for 
quality  control. 

Along  the  main  stem  of  the  Delaware  River  our  Tocks  Island  Water 
Quality  Control  Report  concluded  that  additional  storage  for  water 
quality  between  the  Tocks  Island  Reservoir  and  Trenton,  New  Jersey, 
would  not  be  necessary  prior  to  the  year  2020.  However,  this  report 
did  show  a need  for  an  annual  draft  on  storage  of  642,000  acre  feet 
for  salinity  control  in  the  Delaware  Estuary.  A portion  of  this 
draft  on  storage  could  be  supplied  by  the  Prompton  Project  depending 
upon  your  allocation  of  multi-purpose  storage  among  your  proposed 
system  of  reservoirs  in  the  upper  Delaware  Basin. 

With  regard  to  water  supply  needs  in  the  Lackawaxen  Basin,  the 
Delaware  River  Basin  Commission's  recent  economic  projections 
indicate  that  water  supplies  available  for  use  far  exceed  the  demand 
projected  for  the  year  1980.  Extending  the  relatively  small 
increase  in  both  population  and  water  demand  projected  by  the  DRBC 
to  the  year  2020,  an  additional  but  correspondingly  small  increase 
in  demand  would  still  not  exceed  current  water  supplies.  If 
economic  projections  are  available  which  would  contradict  this, 
we  would  be  most  anxious  to  re-evaluate  future  water  supply  needs. 
However,  the  above  information  leads  us  to  conclude  at  this  time 
that  there  is  no  definite  water  supply  need  to  be  met  by  the 
Prompton  Reservoir  Project. 
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I.  REQUEST  AND  AUTHORITY 

The  U.  S,  Department  of  the  Army,  District  Engineer,  Baltimore, 
Maryland,  requested  that  the  Federal  Water  Pollution  Control 
Administration  Regional  Director,  Middle  Atlantic  Region,  prepare 
a report  indicating  the  estimated  flow  needed,  to  satisfy  present 
and  future  water  supply  and  water  quality  control  requirements  in 
strategic  areas  downstream  from  the  proposed  Appalachia  Davenport 
Center  Project. 

Preparation  of  this  report  was  authorized  under  the  Appalachian 
Regional  Development  Act  of  1965,  P.L.  89-**,  Section  206c. 


II.  PURPOSE  AND  SCOPE 

The  purpose  of  this  investigation  was  to  determine  the  need  for 
and  value  of  storage  for  water  supply  and  water  quality  control  in 
the  proposed  Davenport  Center  Reservoir.  Water  needs  are  based  on 
population  and  economic  projections  prepau*ed  by  the  NationeLL  Plan- 
ning Association  (N.P.A.)  under  contract  with  the  Federal  Water 
Pollution  Control  Administration  and  the  Army  Corps  of  Engineers . 

The  areal  scope  of  this  report  includes  the  entire  Charlotte  Creek 
Basin  and  also  the  Susquehanna  River  extending  from  its  confluence 
with  Charlotte  Creek  near  Oneonta,  New  York,  to  Owego,  New  York 
(approximately  100  miles).  See  location  map.  Figure  1. 


III.  SUMMARY  OF  FINDINGS 

1.  The  benefits  to  be  derived  from  water  supply  emd  water  quality 
storage  in  the  Davenport  Center  Project  will  accrue  primarily  in 
the  Binghamton  Water  Service  Area. 

2.  Municipal  and  industrial  water  supply  requirements  in  the 
Binghamton  Water  Service  Area  are  projected  to  increase  from  a 
current  use  of  36.8  mgd  to  2hl  mgd  by  2020. 

3.  The  water  quality  of  the  Susquehanna  River  downstream  from 
Binghamton,  New  York,  is  currently  degraded  by  Inadequately  treated 
municipal  and  industrial  wastes,  and,  unless  corrective  actions 
are  taken,  the  beneficial  uses  of  this  reach  of  the  Susquehanna 
River  will  be  severely  limited  by  future  waste  loadings  imposed  on 
the  stream. 

U.  The  ground  water  resources  of  the  Binghamton  Area  (maximum 
yield  155  mgd)  are  not  adequate  to  meet  the  2020  water  supply 
requirements  of  the  Area. 


D-121' 


2 


5.  The  2020  water  supply  requirements  of  the  Binghamton  Water 
Service  Area  could  be  met  by  providing  19,000  acre-feet  of  storeige 
for  flow  regulation  at  the  Davenport  Center  Reservoir  Project. 

The  average  annual  cost  associated  with  this  storage  would  be 
$930,000, 


6.  The  stream  flow  required  downstream  from  Binghamton  necessary 
to  maintain  an  average  dissolved  oxygen  concentration  of  5 nig/1 
under  projected  2020  waste  loads  could  be  met  by  providing  33,800 
acre-feet  of  water  quality  storage  in  the  Davenport  Center  Reser- 
voir Project.  The  average  annual  costs  associated  with  this 
storage  would  be  $1,020,000, 


IV.  GENERAL  DESCRIPTION  OF  PROJECT 

The  proposed  Davenport  Center  Reservoir  is  to  be  located  on 
Charlotte  Creek  approximately  five  miles  upstream  from  its  mouth 
and  one  mile  east  of  the  Town  of  West  Davenport  in  Delaware  County, 
New  York.  Charlotte  Creek  Watershed  is  sparsely  populated  and 
almost  completely  undeveloped.  The  Towns  of  Davenport,  West 
Davenport,  and  Davenport  Center  constitute  the  only  population 
centers  in  the  immediate  area.  The  impounded  drainage  area  is 
l61i  square  miles. 

Streamflow  records  of  Charlotte  Creek  at  West  Davenport,  New  York, 
are  avedlable  from  June  1938  to  September  1965.  These  records 
indicate  an  average  discharge  of  249  cfs;  a minimum  discharge  of 
4,5  cfs;  and  the  seven  consecutive  day  low  flow,  with  a recurrence 
interval  of  25  years,  is  7.5  cfs. 


Streamflow  records  pertaining  to  the  Susquehanna  River  at  Vestal, 
New  York  (strategic  to  the  Binghamton  and  Endicott  complex),  indi- 
cate an  average  discharge  of  6,176  cfs  throughout  the  28  years  of 
record  and  a minimum  discharge  of  230  cfs.  The  seven  consecutive 
day  low  flow,  with  a recurrence  interval  of  25  years,  is  277  cfs. 


V.  PRESENT  WATER  SUPPLY 

Present  water  usage  downstream  from  the  Davenport  Center  Project 
is  shown  in  Table  1. 


i 

i 


At  Davenport  Center  prior  to  October  1956. 


D-122 


TABLE  1 


PRESENT  WATER  USAGE 


Municipal  Industrial  Total 

Population  Use  Process  Cooling  Use 
Area Served  (mgd)  (mgd) (mgd)  (mgd) 


Oneonta 

15,000 

Sidney 

6,700 

Bainbridge,, 

1,700 

BinghamtQn 

102,600 

Endicott  , 

37,000 

Johnson  City 

25,000 

Vestal^ 

7,000 

Fenton  ^ 

3,600 

Kirkwood 

2U0 

Total  Binghamton 

Water  Service  Area 

ft 

175, '♦^O 

2.10 

0.02 

0.38 

2.50 

1.12 

0.50 

0.L5 

2.07 

0.50 

O.OL 

1.10 

1.70 

10.62 

3.6i 

6.03 

20.26 

k.26 

1.89 

3.50 

9.65 

2.U7 

3.21 

O.lU 

5.82 

0.72 

0.05 

0.00 

0.77 

0.36 

— 

— 

0.36 

0.02 



— 

0.02 

l8.i*5 

8.T6 

9.67 

36.88 

Communities  which  comprise  the  Binghamton  Water  Service  Area. 


Binghamton  City  currently  withdraws  approximately  12.0  mgd  from  the 
Susquehanna  River  for  municipal  and  industrial  use.  The  other  com- 
munities which  comprise  the  Binghamton  Water  Service  Area,  i.e., 
Endicott  Village,  Johnson  City  Village,  Vestal  Town,  etc.,  currently 
obtain  their  entire  water  supply  from  drilled  wells.  Ground  water 
accounts  for  approximately  23.0  mgd,  or  62  percent  of  the  Area's 
total  requirement. 


VI.  CURRENT  WATER  QUALITY 

The  New  York  State  Department  of  Health  collected  a sample  from 
Charlotte  Creek  at  West  Davenport  in  September  1953.  This  probably 
represents  the  only  water  quality  data  that  is  available  for 
Charlotte  Creek.  The  following  is  a tabulation  of  the  analytical 
results : 
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TABLE  2 

WATER  QUALITY  DATA 

Charlotte  Creek  at  West  Davenport,  New  York 


Indicator  Concentration 


Turbidity 

7 mg/1 

Color 

17 

Temperature 

16  °C 

pH 

7.7 

DO 

10.2  rag/1 

BOD  5-day 

1.2  mg/1 

Chlorides 

U .0  mg/1 

Alkalinity 

20.0  mg/1 

Hardness 

3^.0  mg/1 

Conforms 

1*30  MPN  per  100  ml 

Since  there  is  little  population  or  industrial  development  within 
the  Charlotte  Creek  drainage  area,  the  above  sample  is  believed  to 
be  indicative  of  the  excellent  water  quality  that  exists  in 
Charlotte  Creek. 

The  water  quality  of  the  Susquehanna  River  is  degraded  by  the 
large  quantities  of  primary  and  untreated  waste  effluents  dis- 
charged from  the  Binghamton  and  Endicott  Areas.  Results  of  the 
streeim  survey  in  the  summer  of  1965  by  the  Federal  Water  Pollution 
Control  Administration,  Chesapeake  Bay-Susquehanna  River  Basins 
Project,  and  presented  in  the  following  tabulation,  show  the  severe 
degradation  that  occurred  in  the  Susquehanna  River  downstream  from 
Binghamton. 


TABLE  3 

WATER  QUALITY  DATA 

Susquehanna  River  at  Binghamton,  New  York 
Indicator  Concentration 


DO 

pH 

BOD  5-day 
Coli forms /lOO  ml 


0.9  mg/1  - 3.8  mg/1 

7.7  - 8.6 

9.0  mg/1  - 29.0  mg/1 

1*,000  - 200,000 
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Binffhamton  City  and  Endicott  Village  both  provide  primary  treatment 
of  wastes  prior  to  discharge;  whereas,  Johnson  City  currently  pro- 
vides no  treatment.  The  assimilative  capacity  of  the  Susquehanna 
River  is,  consequently,  exceeded  by  the  large  waste  loads  discharged 
from  the  Binghamton  Area.  The  New  York  State  Department  of  Health 
has  initiated  action  against  Binghamton  and  Endicott  to  upgrade 
their  existing  facilities  to  secondary  treatment.  Johnson  City 
Village  is  expected  to  connect  into  the  Binghamton  treatment  plant. 


VII.  POPULATION  AND  ECONOMY 

The  economic  projections  used  in  this  study  were  prepared  by  the 
National  Planning  Association  in  conjunction  with  the  Susquehanna 
River  Basin  Study.  Population  trends  based  on  these  projections 
are  outlined  for  the  Binghamton  Water  Service  Area  as  follows: 

TABLE  h 

POPULATION 


Binghamton  Water  Service  Area 


Population 

Water  Service  Area 

i960 

1980 

2000 

2020 

Binghamton 

200,300 

299,000 

1+73,000 

785,000 

The  projected  product  output  for  the  major  water-using  industries 
in  the  Binghamton  Water  Service  Area  are  shown  in  the  following 
tabiilation: 

TABLE  5 

PROJECTED  INDICES  OF  PRODUCTION 
Binghamton  Water  Service  Area 

Projected  Indices  of 


Production 


SIC 

Type  Industry 

1980 

2000 

2020 

lUUl 

Sand  and  Gravel 

228 

805 

ll+OO 

2026 

Fluid  Milk 

332 

81+5 

131*5 

2013 

Meat  Packing 

272 

590 

91*5 

2086 

Soft  Drink 

IU9 

236 

392 
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TABLE  5 (Continued) 


Projected  Indices  of 

»• 

Production 


SIC 

Type  Industry 

19H0 

2000 

2020 

2023 

Condensed  and  Evaporated  Milk 

21*1 

515 

81*0 

2653 

Corrugated  and  Solid  Fiber  Boxes 

100 

20 

0 

281*14 

Perfume  and  Cosmetics 

270 

660 

1020 

3251 

Brick 

230 

370 

510 

3391 

Iron  and  Steel  Forging 

189 

350 

1*90 

3571 

Computing  Machines 

270 

670 

1135 

2071 

Candy 

133 

260 

370 

1981 

Ordinance 

183 

350 

530 

3861 

Photographic  Equipment 

2l*0 

535 

805 

1*011 

Railroads 

100 

100 

100 

3ll*l 

Footwear 

39 

20 

10 

3729 

Aircraft  Parts 

352 

780 

1175 

» 

Standard  Industrial  Classification 


A base  of  100  was  used  for  I960. 


VIII.  WATER  SUPPLY  HEEDS 

Based  on  the  projected  economic  and  demographic  trends  developed 
by  the  National  Planning  Association,  the  following  mvmicipal  and 
industrial  water  supply  requirements  are  anticipated  for  the 
Binghamton  Area: 

TABLE  6 


PROJECTED  MUNICIPAL 

AND  INDUSTRIAL  WATEP 

NEEDS 

Binghamton  Water  Service 

Area 

Water 

1980  Water 

Use 

2000 

Water 

Use 

2020 

Water 

Use 

Service 

Mun 

Ind 

Mun 

Ind 

Mun 

Ind 

Area 

gpcpd 

(mgd) 

(mgd) 

gpcpd 

(mgd) 

(mgd) 

gPCi’d  _ 

(mgd) 

(mgd) 

Binghamton 

123 

33.8 

32.5 

ll*l* 

65.1* 

72.3 

165 

129.5 

111.5 

Totals 

Municipal  and 

Industrial  66.3  137.7  2l*1.0 


Future  municipal  water  use  projections  were  based  on  the  assumption 
that  present  per  capita  water  use  in  the  Binghamton  Area  will 
experience  an  average  increase  of  one  percent  per  year. 

Future  industrial  water  supply  requirements  were  estimated  on  the 
basis  of  present  industrial  water  use  and  projected  product  output 
for  the  major  water-using  industries  in  the  Binghamton  Area.  In 
the  industries  where  studies  indicated  it  was  appropriate,  the  pro- 
jected water  supply  requirements  were  attenuated  to  reflect  antici- 
pated in-plant  technological  changes,  the  increased  cost  of  water, 
and  other  factors  which  would  tend  to  decrease  future  industrial 
water  use. 

Although  the  ground  water  resources  of  the  Binghamton  Area  are 
significant  and  could  be  developed  to  yield  a maximiun  of  155  mgd, 
this  yield  would  not  be  adequate  to  meet  the  projected  2020  water 
supply  requirements  of  the  Area  (2l*l  mgd).  J'or  the  purpose  of  this 
report,  therefore,  it  weis  assumed  that  future  water  supply  needs  of 
the  Area  would  be  obtained  from  surface  water  sources . 

Future  water  supply  requirements  of  the  Area  could  be  met  by  aug- 
menting the  flow  of  the  Susquehanna  River  from  storage  in  the 
Davenport  Center  Project.  Table  7 shows  the  storage  required  in 
the  proposed  Davenport  Center  Project  to  meet  the  1980,  2000,  and 
2020  water  supply  requirements  of  the  Binghamton  Water  Service  Area 
98  percent  of  the  time.  Storages  were  determined  based  on  water 
supply  needs  of  62  cfs,  ll8  cfs,  and  22U  cfs  for  the  years  1980, 
2000,  and  2020,  respectively.  Industrial  cooling  water  was  not 
included  in  the  projected  water  supply  requirements. 

TABLE  T 

DAVENPORT  CENTER  PROJECT 
Water  Supply  Storage  Requirements 

Storage 

Year (Acre-Feet) 


1980 

2000 

2020 


0 

l*,l4  50 
19,000 


8 


IX.  WATER  QUALITY  CONTROL  NEEDS 

Due  to  increased  population  ^^rowth  and  industrial  expansion,  the 
total  waste  loads  from  the  Binghamton  Water  Service  Area  are 
expected  to  increase  substantially  over  the  next  50  years.  The 
tabulation  below  indicates  the  extent  of  this  increase  prior  to 
provision  of  secondary  treatment  (85  percent  ultimate  first  stage 
BOD  removal ) . 


TABLE  6 

PROJECTED  WASTE  LOAD 


Expressed  as  Population  Equivalents 

1980  2000  2020 
Area Raw  (PE) Raw  ( PE ) Raw  ( PE ) 


Binghamton  25^, ^35  ^<^6,582  723,392 

Endicott  82,1*85  11*0,78?  21*3,638 


The  projected  waste  loads  were  based  upon  the  projected  population 
and  industrial  growths  shown  in  Section  VII. 

The  stream  flows  needed  to  assimilate  the  projected  waste  loads 
while  maintaining  an  average  dissolved  oxygen  (DO)  of  5.0  mg/1  are 
shown  in  Table  9.  The  flows  were  determined  using  Thomas'  step 
version  of  the  Streeter-Phelps  formulation  of  the  oxygen-sag 
equation.  A mathematical  model  relating  temperature,  dissolved 
oxygen,  biochemical  oxygen  demand,  and  stream  flow  was  used  in 
this  investigation. 

Three  levels  of  waste  water  treatment  were  investigated  and  are 
listed  below: 

Level  I - 85  percent  removal  of  5-day  BOD 

(conventional  secondary  treatment) 

Level  II  - 90  percent  removal  of  5-day  BOD 

Level  III  - 95  percent  removal  of  5-day  BOD 

Level  I is  considered  to  be  a minimum  level  of  treatment  and  should 
be  achieved  before  additional  stream  flow  is  considered  as  an 
alternative  for  obtaining  desired  water  quality  goals. 


i 

I 
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TABLE  9 
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The  annual  expenditures  required  to  provide  either  Level  II  or^^III, 
over  and  above  Level  I,  were  obtained  from  a study  by  Frankel. 

The  costs  of  the  additional  levels  of  treatment  are  the  total  annual 
cost  for  operation,  maintenance,  and  amortization  over  a ?0-year 
period. 

Based  on  1980,  2020  estimated  waste  discharges.  Table  10  shows  the 
storage  required  in  the  Davenport  Center  Reservoir  to  maintain  an 
average  dissolved  oxygen  level  of  5*0  mg/1,  98  percent  of  the  time 
in  the  Susquehanna  River  at  Binghamton,  Uew  York.  Storage  needs 
were  computed  on  the  assumption  that  all  wastes  receive  secondary 
treatment  (85  percent  BOD  removal). 

TABLE  10 

WATER  QUALITY  STORAGE  REQUIREMENTS 
Davenport  Center  Reservoir  Project 


Water  Quality  Storage 

Year Requirements  (Acre-Feet) 


1980 

0 

2000 

9,000 

2020 

33,800 

X . BENEFITS 

The  water  quality  and  water  supply  benefits  that  may  be  realized 
from  the  storage  in  the  Davenport  Center  Project  accrue  primarily 
at  and  downstream  from  the  Binghamton  Water  Service  Area. 

The  water  quality  of  the  Susquehanna  River  downstream  from  Bing- 
hamton and  Endicott  is  presently  degraded,  and,  unless  corrective 
measures  are  undertaken,  degradation  will  become  increasingly 
worse,  limiting  the  potential  use  of  the  stream.  In  order  to 
maintain  a water  quality  suitable  for  a warm-water  fishery  and 
other  beneficial  uses,  additional  stream  flow  will  be  necessary 
to  assimilate  the  projected  waste  loads  from,  Binghamton  and'  Endicott. 


Frankel,  R.  J. , "Water  Quality  Management:  Engineering  Economic 
Model  for  Domestic  Waste  Disposal,"  PhD  Dissertation,  University 
of  California,  Berkeley,  1965. 
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The  2020  water  quality  requirements  of  the  Binghamton  Water  Service 
Area  can  be  met  by  the  construction  of  a single-purpose  reservoir 
at  Davenport  Center  with  an  annual  draft  on  storage  of  33,800  acre- 
feet.  Similarly,  a single-purpose  water  supply  reservoir  with  an 
annual  draft  on  storage  of  19,000  acre-feet  can  meet  the  2020  water 
supply  needs  of  the  Area. 

The  estimated  cost  of  single-purpose  reservoirs  was  determined  by 
the  Department  of  the  Army,  Baltimore  District,  Corps  of  Engineers, 
and  is  presented  in  the  following  table: 

TABLE  11 

COST  OF  SINGLE-PURPOSE  RESERVOIR 
Davenport  Center  Project 
Annual  Draft 

Design  on  Storage  Toted  First  Total  Angual 
Use Year  (Acre-Feet) Costs Costs 


Water  Supply  2020  19,000  $18,600,000  $ 930,000 

Water  Quality  2020  33,800  $20,1*00,000  $1,020,000 

« 

All  the  total  annual  cost  values  are  in  terms  of  1967  dollars  and 
are  based  on  a 100-year  amortization  of  capital  costs  plus  esti- 
mated annual  operation,  maintenance,  and  replacement  costs. 


Based  on  these  costs,  single-purpose  water  supply  and  water  quadity 
control  reservoirs  were  determined  to  be  the  least  costly  alterna- 
tive means  of  meeting  the  requirements  of  the  Binghamton  Water 
Service  Area. 

The  costs  of  single-purpose  alternative  reservoirs  to  meet  water 
supply  and  water  quality  control  needs  are  considered  to  be  the 
minimum  benefits  of  meeting  these  needs  from  storage  in  the 
Davenport  Center  Project. 

The  storage  reported  was  determined  based  on  the  assumption  that  all 
of  the  low-flow  augmentation  storage  needed  to  meet  the  water  supply 
and  water  quality  requirements  in  the  Binghamton  Area  would  be 
developed  at  the  Davenport  Center  Project.  Comprehensive  water 
resources  planning  is  currently  underway  in  the  Susquehanna  River 
Basin.  If  the  resxdts  of  the  comprehensive  study  indicate  that  it 
would  be  more  desirable  to  develop  all  or  part  of  the  required 
low-flow  augmentation  storage  at  other  upstream  reservoir  sites, 
the  Davenport  Center  Project  shoxdd  be  restudied  and  the  storage 
allocations  revised  accordingly. 
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I.  REQUEST  AND  AUTHORITY 

The  U.  S.  Department  of  the  Army,  District  Engineer,  Baltimore, 
Maryland,  requested  through  a letter  dated  May  5,  1967,  that  the 
Federal  Water  Pollution  Control  Administration  Regional  Director, 
Middle  Atlantic  Region,  prepare  a report  indicating  the  estimated 
flow  needed  to  satisfy  present  and  future  water  supply  and  water 
quality  control  requirements  in  strategic  areas  downstream  from  tne 
proposed  Appalachia  Projects  of  Royal  Glen  Reservoir  and  Savage  II 
Reservoir. 

This  report  was  prepared  under  the  authority  of  the  Appalachian 
Regional  Development  Act  of  1965,  P.L.  89-^,  Section  206c. 


II.  ACKNOWLEDGMENTS 

The  assistance  and  cooperation  of  various  governmental  agencies, 
industrial  representatives,  and  institutions  which  enabled  the 
Chesapeake  Bay-Susquehanna  River  Basins  Project  to  evaluate  water 
supply  and  water  quality  control  needs  were  sought  and  are  grate- 
fully acknowledged.  Cooperation  was  received  from  individuals  and 
organizations  too  numerous  to  be  listed,  but  special  mention  is 
merited  by  the  following: 

Maryland  Department  of  Water  Resources 

Maryland  State  Department  of  health 

West  Virginia  Department  of  Natural  Resources 

West  Virginia  Pulp  and  Paper  Company,  Luke,  Maryland 

Celanese  Corporation,  Amcelle,  Maryland 

U.  S.  Geological  Survey,  Department  of  the  Interior 

U.  S.  Army  Corps  of  Engineers,  Baltimore  District 


III.  P'JRPOGE  AND  SCOPE 

The  purpose  of  this  investigation  was  to  determine  the  need  for 
and  value  of  water  supply  and  water  quality  control  storage  in  the 
proposed  Royal  Glen  Reservoir  and  the  Savage  River  II  Reservoir 
( see  Figure  1 ) . 

Water  needs  are  based  on  population  and  economic  projections  pre- 
pared by  the  Office  of  Business  Economics,  Department  of  the 
Comm.erce,  and  Corps  of  Engineers,  Office  of  Appalachian  Studies, 
Cincinnati,  Ohio.  These  projections  reflect  the  anticipated 
developmental  effect  of  the  Appalachia  Program  in  the  Area. 

Tnis  report  is  considered  supplemental  to  the  May  1902  report^ 
prepared  by  the  U.  S.  Department  of  Health,  Pducation,  and  Welfare, 
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Public  Health  Service,  Region  III,  Charlottesville,  Virginia,  for 
the  U.  S.  Army  Engineer  District,  Baltimore,  Maryland.  Responsi- 
bility for  water  quality  control  activities  was  transferred  from 
the  Department  of  Health,  Education,  and  Welfare  to  the  Department 
of  the  Interior  by  Reorganization  Plan  No.  2 of  1966,  effective 
May  10,  1966. 

The  scope  of  this  report  is  limited  to  the  North  and  South  Branches 
and  to  the  upper  portion  of  the  main  stem  of  the  Potomac  River 
within  the  Appalachia  Region  (see  Figure  1). 

In  re-evaluating  the  needs  in  the  Appalachia  Region  of  the  Potomac 
River,  no  assessments  were  made  of  the  water  requirements  outside 
of  the  Appalachia  Region. 


IV.  SUMMARY  OF  FINDINGS 

1.  The  combined  population  of  the  five  major  i-'ater  service  areas 
in  the  region  is  projected  to  increase  from  77,000  in  i960  to 
about  163,000  in  the  year  2020. 

2.  Using  i960  as  a base  line,  the  projected  indices  of  production 
for  the  major  water-using  industries  indicate  an  anticipated  indus- 
trial growth  increase  of  over  *+00  percent  by  the  year  2020. 

3.  The  existing  and  potential  surface  and  ground  water  resources 
are  adequate  to  meet  current  and  projected  municipal  and  industrial 
water  needs;  hence,  there  is  no  need  for  reservoir  storage  for 
water  supply  in  the  South  Branch  and  in  the  upper  main  stem  of  the 
Potomac  River. 

h.  In  the  North  Branch  area,  the  two  existing  reservoirs  and  the 
authorized  Bloomington  Reservoir  Project  will  be  more  than  ade- 
quate to  meet  current  and  projected  municipal  and  industrial  water 
supply  needs . 

5.  The  Bloomington  Project,  which  will  impound  waters  with  a 
normal  pH  range  of  3.0  to  5*0,  will  upset  the  current  equiponder- 
ance  of  the  acidity  and  alkalinity  contribution  from  the  North 
Branch  and  Savage  River,  especially  during  the  low  flow  months. 

If  the  mine  drainage  in  the  watershed  above  tne  project  is  not 
reduced,  the  effects  on  water  quality  could  be  evident  as  far 
downstream  as  Cumberland,  Maryland. 

6.  In  the  South  Branch  and  in  the  upper  main  stem  of  the  Potomac 
River  Watershed,  there  is  no  present  nor  projected  need  for 
reservoir  storage  for  water  quality  control. 
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7.  The  predicted  212  cfs  increase  in  dependable  flow  from  Bloom- 
ington Reservoir,  which  is  currently  under  construction,  will  be 
adequate  to  meet  projected  water  quality  control  requirements  of 
the  biologically  degradable  waste  waters  in  the  North  Branch 
Watershed. 


V.  PRESENT  WATER  USE 

In  Table  2 the  water  use  for  the  five  water  service  areas  within 
the  study  area  is  presented.  Of  the  approximately  1U5  million 
gallons  of  daily  use,  about  70  percent  is  for  cooling  purposes,  with 
25  percent  for  industrial  needs,  and  the  remaining  five  percent 
for  municipal  requirements. 

The  largest  industrial  user  of  water  is  the  West  Virginia  Pulp  and 
Paper  Corporation,  which  uses  the  North  Branch  of  the  Potomac  River 
at  Luke  as  its  source  of  process  and  cooling  water.  Of  the  72 
million  gallons  it  uses  daily,  approximately  39  percent  is  for 
process  water,  with  the  remaining  used  for  cooling  purposes. 

The  Celanese  Corporation  in  Amcelle  is  the  second  largest  industrial 
user  of  water  in  the  study  area.  Approximately  58  mgd  of  water  is 
obtained  for  cooling  purposes  from  the  North  Branch  near  Amcelle, 
and  approximately  3.0  mgd  of  process  water  is  obtained  from  the  City 
of  Cumberland. 

The  City  of  Cumberland,  which  serves  the  surrounding  communities 
and  industries,  is  the  largest  municipal  user  of  water  in  the  study 
area.  Evitts  Creek,  which  has  a dependable  yield  of  I8  mgd,  is 
used  as  a source  of  water  by  the  City  of  Cumberland.  The  average 
daily  water  use  in  1966,  exclusive  of  cooling  water,  was  estimated 
to  be  about  12.5  mgd. 

The  majority  of  the  remaining  communities  in  the  North  Branch  area 
have  surface  supplies  ® In  the  South  Branch  Basin,  the  major 
source  of  water  is  from  ground  water. ^ 
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TABLE  2 

PRESENT  WATER  USAGE 


Municipal Industrial  Total 


Area 

Population 

Use 

(mgd) 

Process 

(mgd) 

Cooling 

(mgd) 

Use 

(mgd) 

Luke-Keyser 

25,000 

1.50 

28.50 

kk.oo 

74.00 

Cumberland 

54 ,000 

5.55 

7.00 

58.00 

70.55 

Petersburg 

2,000 

0.17 

0.23 

0.00 

0.40 

Moorefield 

1,400 

0.25 

0.33 

0.00 

0.58 

Romney 

2,200 

0.17 

0.00 

0.00 

0.17 

Total 

84,000 

7.64 

36.07 

102.00 

145.70 

Includes  Frostburg  Area. 

Includes  about  15.0  mgd  of  recirculated  cooling  water  from  the 
West  Virginia  Pulp  and  Paper  Company. 


VI.  PRESENT  WASTE  WATER  LOADS 

As  presented  in  Table  3,  the  major  waste  water  loads  are  from  indus- 
trial sources  in  the  Luke-Keyser  and  Cumberland  Area.  Of  the  83,700 
pounds  of  five-day  BOD  produced  daily  before  treatment,  about  84  per- 
cent is  from  industrial  sources,  with  the  remainder  from  m\micipalities , 

TABLE  3 


PRESENT  WASTE  LOADS 


Industrial 


•«« 


Area 

Population 

Served 

Volume 

(mgd) 

#B0D/day 
( 5-day) 

Volume 

(mgd) 

» 

#B0D/day 
( 5-day) 

Luke-Keysef^ 

15,000 

1.20 

2,500 

28.50 

55,000 

Cumberland 

45,000 

6.00 

9,500 

6.00 

13,000 

Petersburg 

2,200 

0.34 

400 

0.20 

900 

Moorefield 

1,500 

0.17 

250 

0.15 

1,700 

Romney 

2,200 

0.30 

500 

0.00 

0 

Before  treatment. 


• »» 


Includes  Frostburg  Municipal  Service  Area. 

Industrial  values  do  not  include  waste  loads  to  municipal 
systems  nor  cooling  water  volumes . 
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VII.  FLOW  ANALYSIS 

Listed  below  are  the  minimum  flow  data  for  the  water  service  areas 
investigated  in  this  study. 

TABLE  h 


FLOW  ANALYSIS 


Area 

Stream 

Min.  T-day 
25-yr.  recur. 
Interval  (cfs 

Min.  7-day 
10-yr.  recur. 

) Interval  (cfs) 

«« 

«« 

Luke-Keyser 

North  Branch 

93„ 

93„ 

Cumberland 

North  Branch 

112 

112 

Petersburg 

South  Branch 

32 

56 

Moo re field 

South  Branch 

37 

6k 

Romney 

South  Branch 

i*L 

76 

*» 

Corrected 
and  Stony 

for  regulation  by 
Creek  Reservoir. 

existing^  Savage 

River  Reservoir 

The  minimum  flow  values  for  Luke-Keyser  and  Cumberland  Areas  will 
be  increased  by  about  212  cfs  when  the  Bloomington  Reservoir 
Project  is  completed.^ 


I VIII.  PRESENT  WATER  QUALITY 

1 The  water  quality  in  the  North  Branch  of  the  Potomac  River  above 

! the  proposed  Bloomington  Dam  site  is  characterized  by  low  pH  values 

! (often  less  than  I4.0),  DO  values  near  saturation,  and  low  BOD  values 

, (often  around  1.0  mg/l).  See  Table  5.  Mine  drainage  in  the  upper 

I North  Branch  area  has  a detrimental  effect  on  the  aquatic  life,  and 

fishing  in  these  waters  is  virtually  non-existent. 

Water  quality  in  the  North  Branch  from  Luke  to  tne  confluence  with 
the  South  Branch  is  degraded  by  organic  and  mineral  pollutants. 

The  major  sources  of  pollution  in  this  study  area  are  the  West 
Virginia  Pulp  and  Paper  Company,  the  Celanese  Corporation,  and  the 
City  of  Cumberland.  Water  quality  sampling  results  for  the  North 
Branch  are  shown  in  Tables  6,  7,  and  8. 

The  quality  of  the  North  Branch  Just  above  the  confluence  with  the 
South  Branch  improves  significantly.  BOD  values  of  about  2.0  mg/l, 
DO  concentrations  of  6.0  mg/l,  and  coliform  counts  of  2,300  per 
100  ml  typify  the  water  quality  near  the  confluence. 
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TABLE  5 


SUMMARY  OF  ANALYSES  OF  WATER  QUALITY  DATA 

North  Branch  Potomac  River  at  Luke  - River  Mile  338.2 
CriticeLL  Concentrations  (January  1962-February  1965) 


Item 

Units 

Criti  ca.' 
Month 

Mean 

Number 
Observations 
for  Critical 
Month 

DO 

mp:/l 

July 

9.0 

61 

Temperature 

°C 

July 

19.6 

61 

BOD- 

m^/l 

July 

^.5. 

61 

pH  ’ 

— 

August 

i*.T 

65 

Color 

Platinum 

July 

7 

61 

Turbidity 

Jackson 

Candle 

March 

i*5.1 

65 

Total  Alkalinity 

mfi:/l 

May 

I4.0 

65 

Hardness 

im/l 

July 

63.7 

61 

Total  Dissolved  Solids 

mg/1 

July 

217 

61 

Suspended  Solids 

mg/1 

March 

hi 

65 

* 

Geometric 


TABLE  6 

SUMMITRY  OF  ANALYSES  OF  WATER  QUALITY  DATA 

North  Branch  Potomac  River  at  Keyser  - River  Mile  331.0 
Critical  Concentrations  (January  1962-February  1965) 


Item 

Units 

Critical 

Month 

Mean 

Number 

Observations 
for  Critical 
Month 

DO 

mg/1 

August 

6.8 

Temperature 

°C 

July 

2h.O 

1<1 

BOD- 

mg/1 

December 

21.2, 

I46 

pH  ^ 

— 

September 

8.2 

60 

Color 

Platinum 

August 

118 

6h 

Turbidity 

Jackson 

Candle 

October 

115.7 

68 

Total  Alkalinity 

mg/1 

April 

13.8 

57 

Hardness 

mg/1 

October 

210 

68 

Total  Dissolved  Solids 

mg/1 

October 

638 

68 

Suspended  Solids 

mg/1 

Septemiber 

151+ 

56 

» 

Geometric 


• • 

Two  years  only 
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TABLE  7 


WATER  QUALITY  DATA 

North  Branch  Potomac  River 
Below  Amcelle-River  Mile  312.5 

August  1966  - Chesapeake  Field  Station 


Sample 

Date 

Taken 

Time 

Temp 

°C 

_.PH 

DO 

(mg/1) 

BOD 

(mg/l) 

8-1 

lTi*0 

32 

7.1 

0 

— 

8-2 

0930 

28 

7.0 

0 

26.9 

8-2 

1U05 

28 

— 

0.1 

3k. 3 

8-2 

1930 

28.5 

7.0 

0.1 

25.2 

8-3 

00k  5 

25.? 

7.0 

0.0 

21.9 

8-3 

0535 

26 

6.6 

0.1 

18.8 

8-3 

1010 

28 

— 

O.k 

22.8 

8-3 

1700 

31 

7.1 

O.k 

7.k 

8-3 

2010 

28 

— 

0.1 

2k. 1 

8-i* 

0130 

27 

6.8 

0.6 

20.2 

8-k 

0600 

28 

7.k 

1.1 

20.5 

8-I4 

1105 

27 

7.8 

0.0 

17.9 

8-k 

1615 

27 

7.0 

0.5 

23.2 

8-U 

2035 

27 

7.2 

0.1 

28.0 

8-5 

0920 

25 

7.k 

0.0 

20.2 

8-5 

llk5 

27.5 

— 

0.2 

21.8 

8-5 

1655 

32 

6.0 

0.2 

2k.  0 

8-5 

2200 

28.5 

7.1 

0.3 

23.1 

8 


r 
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TABLE  8 


WATER  QUALITY  DATA 


North  Branch  Potomac  River 
Below  Cumberland-River  Mile  296.7 

Allgust  1966  - Chesapeake  Field  Station 


Sample  Taken 
Date  Time 

Temp 

°C 

I>H  ■ ■ 

DO 

(mg/l) 

BOD 

(m«/l) 

8-1 

1515 

26.5 

8.0 

7.5 

9. 31* 

8-2 

0720 

21* 

6.8 

2.6 

9.3 

8-2 

1210 

25 

5.9 

1*.2 

l*.l* 

8-2 

1755 

2l*.5 

5.0 

1*.3 

2.7 

8-2 

2235 

23 

5.2 

3.3 

l*.l 

8-3 

031*5 

23 

7.0 

2.9 

1.5 

8-3 

0830 

23 

— 

2.7 

— 

8-3 

lUUO 

26 

i*.o 

l*.l 

3.0 

8-3 

1820 

27 

— 

1*.2 

2.7 

8-3 

2325 

23.5 

7.0 

3.3 

1.9 

8-h 

01*25 

21* 

6.6 

2.6 

l*.l 

8-h 

1025 

2l* 

7.1 

2.7 

9.3 

8-h 

IU30 

2U.5 

7.2 

3.5 

2.3 

8-h 

1915 

2l* 

6.6 

7.6 

1*.7 

8-5 

0030 

21* 

6.5 

2.9 

19.0 

8-5 

0520 

22.5 

8.2 

1.8 

5.9 

8-5 

1025 

23.5 

7.0 

1.9 

10.3 

8-5 

1525 

25.5 

6.0 

3.6 

7.9 

8-5 

2035 

25 

6.5 

1*.7 

7.2 

8-6 

0125 

23 

— 

3.1* 
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The  South  Branch  of  the  Potomac  River,  one  of  the  least  polluted 
streams  in  the  Potomac  River  Basin,  receives  small  amounts  of 
treated  municipal  sevage  effluent  from  Petersburg,  Moorefield, 
and  Romney,  all  of  which  provide  secondary  treatment.  At  the 
confluence  with  the  North  Branch,  the  water  is  of  good  quality, 
with  DO  values  near  saturation,  BOD  values  less  than  3.0  mg/1, 
and  coliform  coxints  less  than  2,000  per  100  ml. 

In  the  main  stem  of  the  Potomac  River  within  the  study  ar^a,  there 
are  no  major  municipal  or  industrial  discharges.  The  quality  is 
slightly  degraded  near  the  confluence  of  the  North  Brancr.  and  the 
South  Branch  as  a result  of  the  pollution  loads  discharKed  in  the 
Luke  and  Cumberland  Area.  In  the  main,  the  quality  is  «r  .ly 
improved  because  of  dilution  by  higher  quality  water  cor  .juted 
by  the  South  Branch  and  the  natural  assimilative  capacity  of  tne 
stream  itself. 


IX.  POPULATION  AND  ECONOMY 

The  combined  population  of  the  major  municipal  service  areas  in 
the  Region  wsis  about  TT,000  in  I960.  According  to  Office  of 
Business  Economics  and  Corps  of  Engineers'  data,  the  combined 
population  is  projected  to  increase  by  15  percent,  5^  percent,  and 
110  percent  by  the  years  1980,  2000,  and  2020,  respectively  (see 
Table  9). 

The  projected  productivity  of  the  major  water-using  industries  in 
the  Region  are  given  in  Table  10.  The  two  industries  that  are 
projected  to  have  the  most  impact  on  future  water  needs  are  the 
West  Virginia  Pulp  and  Paper  Company  at  Luke  and  the  "Celanese 
Corporation  at  Amcelle;  both  are  located  in  the  North  Branch 
Sub-Basin. 


D-litl 
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TABLE  10 

« 

PROJECTED  INDICES  OF  PRODUCTION 
South  Branch  Potomac  River 


«« 

SIC 

Industry 

1980 

2000 

2020 

3111 

Petersburg  Tanning  Co . , Petersburg 
(Division  of  Loewengart) 

125 

l60 

200 

2015 

Pierce  Pre-Cooked  Foods,  Moorefield 

210 

1*75 

7l*0 

2013 

Rockingham  Poultry  Co . , Moorefield 

210 

U75 

7U0 

North  Branch  Potomac  River 


«« 

SIC 

Industry 

1980 

2000 

2020 

1999 

Alleghany  Ballistics,  Keyser,  W.  Va. 

250 

325 

1*00 

2281 

Amcelle-Celanese,  Amcelle,  Md. 

270 

1*20 

590 

2621 

West  Virginia  Pulp  and  Paper  Co., 

Luke,  Md. 

265 

1*50 

71*0 

3011 

Kelly -Springfield  Tire,  Cumberland,  Md. 

280 

1*50 

700 

« 

A 

base  of  100  was  used  for  i960. 

«» 

Standard  Industrial  Classification. 

D-l*i3 
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X.  WATER  SUPPLY  NEEDS 

Municipal  water  supply  requirements  were  determined  by  using  the 
water  service  area  populations  previously  described  and  applying 
future  per  capita  water  consumption  rates  recommended  by  the 
U.  S.  Senate  Select  Committee  on  National  Water  Resources®  (see 
Figure  2) . 

Industrial  water  supply  requirements  are  estimated  on  the  basis  of 
projected  product  output  for  the  major  types  of  water-using  indus- 
tries. Technological  changes  in  industrial  processes,  as  well  as 
unexpected  additional  industrial,  development  in  the  area,  could 
significantly  alter  the  industrial  water  supply  need?  presented. 

Due  to  proposed  stringent  standards  for  thermal  discnarges  by  the 
State  of  Maryland,  and  possible  use  of  cooling  towers,  cooling 
water  needs  were  not  included  in  the  projection. 

Using  the  projected  economic  and  demographic  data  developed  in  the 
preceding  Section,  the  municipal  and  industrial  water  supply  needs 
given  in  Tables  11,  12,  and  13  were  computed.  These  tables  show 
that  in  the  South  Branch  water  service  area,  the  present  stream 
flow  will  be  adequate  to  meet  anticipated  water  supply  demands. 

Although  stream  flows  appear  to  be  adequate  to  meet  the  water 
supply  needs  in  the  North  Branch  water  service  areas,  the  Bloom- 
ington project  will  drastically  upset  the  equiponderance  of  alka- 
linity and  acidity  contribution  relationships,  especially  during 
the  low  flow  months.  Assuming  the  quality  of  the  increased  depend- 
able flow  is  similar  to  existing  water  quality,  the  effect  of  mine 
drainage  may  extend  as  far  downstream  as  Cumberland,  Maryland. 
Further,  the  West  Virginia  Pulp  and  Paper  Company  installed  a lime 
recovery  unit  in  1966,  thereby  reducing  significantly  a needed 
neutralizing  capacity.  If  the  mine  drainage  is  not  reduced,  the 
water  quality  in  the  Nortn  Branch  from  Luke  to  Cumberland  may  not 
be  suitable  for  industrial  or  municipal  water  supply  without  costly 
additional  water  treatment. 

There  have  been  proposals  to  develop  a water  supply  system  for  the 
North  Branch  area  using  the  Savage  as  a source  of  supply  because 
of  its  better  quality.**’® 


TABLE  12 
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TABLE  13 

SUMMARY  OF  FUTURE  WATER  NEEDS 
(Excluding  Cooling  Water) 

South  Branch  Potomac  River 


Min.  T-Day  1980  2000 2020 


25-Yr.  Recur 

. ProJ. 

ProJ. 

ProJ . 

ProJ . 

ProJ. 

ProJ  . 

Interval 

Need 

Deficit 

Need 

Deficit 

Need 

Deficit 

Area 

mgd 

mgd 

mgd 

mgd 

mgd 

mgd 

Petersburg 

32 

0.81 

none 

1.35 

none 

1.90 

none 

Moc re  field 

37 

0.79 

none 

1.67 

none 

2.80 

none 

Rcmney 

Uh 

O.LL 

none 

0.96 

none 

1.30 

none 

North  Branch 

Potomac 

River 

Min.  7-Bay 

1980 

2000 

2020 

25-Yr.  Pecur 

. ProJ . 

ProJ . 

ProJ. 

ProJ  . 

ProJ  . 

ProJ. 

Interval 

Need 

Deficit 

Need 

Deficit 

Need 

Deficit 

Area 

ngd 

mgd 

mgd 

mgd 

mgd 

mgd 

mgd 

Luke-Key ser 

93 

31.3 

none 

J45.5 

none 

62.9 

none 

Cumberland 

112 

22.0 

none 

314.0 

none 

I4I4.O 

none 

Pro,5ected 

use  is  much 

less  than 

minimum 

1-day 

low  flow 

with  a 

1 

recurring 

interval  of 

once  in  30  years , 

thus , 

there  is 

no  apparent 

additional  need. 

• » 


Corrected  for  re-^ulation  by  existing  Savage  River  Reservoir  and 
Stony  Creek  Peser’'oir. 
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XI.  WATER  QUALITY  CONTROL  NEEDS 

The  projected  waste  loads  for  the  municipal  service  areas  are  based 
upon  the  projected  populations  shown  in  Table  9 with  a contributing 
per  capita  waste  load  of  0.17  pounds  of  5-day  BOD  per  day.  Future 
industrial  waste  loads  are  based  on  the  industrial  water  needs  given 
in  Table  12.  The  characteristics  of  the  industrial  wastes  were 
assumed  to  remain  constant.  Tables  lU  and  15  show  the  projected 
municipal  and  industrial  waste  loadings . 

The  stream  flow  necessary  to  assimilate  the  projected  waste  loads 
without  depleting  the  dissolved  oxygen  (DO)  below  5.0  mg/1  were 
determined  using  Thomas'  step  version  of  the  Streeter-Phelps  formu- 
lation of  the  oxygen-sag  equation.  A mathematical  model  relating 
temperature,  dissolved  oxygen,  biochemical  oxygen  demand,  and  stream 
flow  established  for  the  Potomac  River  Basin  was  used  in  this 
investigation. 

The  flow  requirements  are  based  on  mean  monthly  high  temperatures 
which  will  be  equalled  or  exceeded  25  percent  of  the  time.  Also 
incorporated  in  the  analysis  are  the  current  cooling  water  needs 
and  effects  of  the  heated  discharges . 

Three  levels  of  waste  water  treatment  were  investigated  and  are  i 

listed  below: 

Level  I - 85  percent  removal  of  5-day  BOD  1 

(conventional  secondary  treatment)  '! 

Level  II  - 90  percent  removal  of  5-day  BOD 

Level  III  - 95  percent  removal  of  5-day  BOD  i 

Level  I is  considered  to  be  a minimum  level  for  the  purpose  of  1 

using  flow  augmentation  as  an  alternative  to  additional  waste  water  S 

treatment.  i 

The  annual  expenditures  required  to  provide  either  Level  II  or  III,  i 

over  and  above  Level  I,  were  obtained  from  a study  by  Frankel.^  i 

The  cost  of  the  additional  levels  of  treatment  are  the  total  amount 

of  cost  for  operation,  maintenance,  and  amortization  at  four  and 

one-half  percent  interest  charges  over  20  years.  The  Engineering 

News  Record  Cost  Index  or  Department  of  the  Interior  STP  Index 

applicable  to  the  given  costs  is  1020  (1966  average).  ^ 

!l 

!l 


I 


TABLE  15 
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North  Branch  Potomac  River 


Water  quality  in  the  North  Branch  is  greatly  affected  by  a low- 
level  dam  above  the  City  of  Cumberland.  Changes  in  stream  velocity 
and  depth  drsistically  increase  the  amount  of  BOD  exerted  and  reduce 
the  reaeration  capacity  in  the  pool  above  the  dam. 

Since  there  are  presently  very  low  DO  values  in  the  area  above  the 
dam,  the  projected  growth  of  industrial  productivity  will  cause  an 
even  greater  deterioration  in  water  quality  in  this  reach.  Two 
possible  methods  of  avoiding  high  future  waste  water  treatment 
requirements  or  large  volumes  of  reservoir  storage  for  quality 
control  are:  (l)  the  transportation  of  all  waste  water  in  this 

reach  below  the  dam,  or  (2)  the  removal  of  the  dam. 

In  defining  the  water  quality  control  needs  for  the  North  Branch, 
all  projected  increases  in  waste  water  in  the  immediate  area  above 
the  dam  were  assumed  discharging  to  the  Cumberland  sewer  system. 

This  assumption  is  within  the  framework  of  the  industrial  and  demo- 
graphic projections,  communications  with  Celanese  Corporations,  and 
the  proposed  Waste  Acceptance  Service  of  the  State  of  Maryland. 

Due  to  the  time-dependent  nature  of  waste  loads  and  location  of  the 
proposed  reservoir  projects  in  the  North  Branch  Watershed,  the  flow 
requirements  were  determined  for  the  reach  of  stream  from  Luke, 
Maryland,  to  the  confluence  with  the  South  Branch. 

Table  l6  presents  the  flow  requirements  for  the  three  levels  of 
treatment  for  the  years  I960,  2000,  and  2020.  Also  given  in  Table 
l6  are  costs  of  increasing  the  waste  treatment  level  above  the 
conventional  85  percent  removal  of  the  5-day  BOD. 

From  data  presented  in  Table  l6,  it  can  be  seen  that  in  the  last 
seven  months  of  the  year,  June  through  December,  some  flow  regula- 
tion above  the  current  minimal  requirement  of  93  cfs  will  be  neces- 
sary even  at  the  higher  treatment  levels.  The  tabulation  of  data 
indicates  that  a minimum  base  flow  is  needed  primarily  to  provide 
dilution  water  due  to  a large  ratio  of  low  DO  waste  water  production 
to  stream  flow. 

Upon  completion  of  the  Bloomington  Reservoir  Project,  the  increased 
dependable  flow  in  the  North  Branch  at  Luke  was  determined  to  be 
about  212  cfs.*  Added  to  current  93  cfs  requirements,  the  total 
dependable  flow  at  Luke  will  be  about  305  cfs.  This  increase  in 
flow  will  be  more  than  adequate  to  meet  the  water  quality  control 
requirements  for  biologically  degradable  waste  waters  (see  Table 
l6).  Therefore,  no  additional  flow  augmentation  storage  is  required 
in  the  North  Branch  Basin  for  water  quality  control. 


rH 

x: 

o 

c 

as 

o 

CQ 

B 

ITN 

O 

-P 

a 

3 

g 

u 

Q) 

O 

C,0 

CO 

> 

43 

•H 

P 

(£ 

•H 

O 

> 

u 

a) 

VO  K 

6 

V 

M 

O 

c 

O 

Q) 

w a? 

o 

3 

.-3  M 

a. 

rH 

CQ  K 

< 

a 

o 

0 

O 

o 

H O 01  «) 
(0  Id  S 
3 +1  4)  -P 
C in  ^ a; 
C O O C-i 
< O C 

n £-> 


cn  CO 

OO 

OO  OO  00 

00  OO  00 

o 

A 

Q\  Ok  ON 

Os  Os  Os 

Os  Os  Os 

o 

rH 

m 

c 

* 

o 

CO  00 

00 

OO  OO  00 

OO  OO  00 

cn 

O 

•H 

O Os  Ok 

Os  Os  Os 

Os  Os  Os 

Os 

rH 

P 

43 

« 

•H 

« 

Vi 

00  00 

00 

00  00  00 

OO  OO  00 

00 

VO 

P 

Os  Ok 

o\ 

Os  Os  Os 

Os  Os  O, 

Os 

rH 

CO 

•H 

m 

o ITS 

00 

o ITS  OO 

LA  o OO 

m 

00 

00 

>> 

P 

O Os 

Os 

rH  Os  Os 

rH  O Os 

OS 

CM 

•tH 

rH 

rH 

rH  rH 

•H 

« 

43 

• 

(0 

O O 

OO 

LTs  o 00 

O O LA 

OO 

t- 

43 

rH  O 

Os 

rH  O Os 

rH  O 

Os 

CM 

O 

rH  rH 

rH  rH 

rH  rH 

« 

o o 

00 

ITS  O OO 

O O LA 

• 

OO 

t- 

li 

H O 

o\ 

H O Os 

rH  Os 

c^ 

CM 

E 

rH  rH 

rH  rH 

rH  rH 

U 

0 

c 

O lA 

ro 

o UO  OO 

O O OO 

o 

A 

to 

CM  <0 

Os 

rH  (Os  Os 

CM  O Os 

o 

CM 

o 

rH 

rH 

rH  rH 

rH 

rH 

OJ 

CO  OO 

oO 

(n  00  OO 

00  ro 

o 

O 

C 

O Os 

Os 

Os  Os  Os 

Ok  Os  Os 

CM 

CM 

o 

00 

0) 

n 

no  OO 

00 

ro  00  ro 

m 00  00 

O 

A 

od 

Os  Os 

C7\ 

Os  Os  Os 

Os  Os  Os 

A 

rH 

43 

_3- 

CO 

ro  OO 

00 

00  00  00 

ro  ro  ro 

O 

CO 

o 

Os  Os 

Os 

Os  Os  Os 

Ok  O O 

CM 

CO 

0 

•rH 

0^ 

m 00 

ro 

OO  ro  00 

00  ro  (SO 

o 

A 

0 

Os  OS 

Os 

Os  Os  Os 

Os  Ok  Os 

CM 

00 

n 

> 

OO  00 

OO 

ro  ro  00 

(SO  ro  00 

o 

A 

> 

o 

Os  Os 

Os 

Os  Os  Os 

Os  (Ok  Os 

\o 

rH 

CM 

S-i 

> 

o 

rH 

o 

o 

o o 

o o 

o 

o 

o o 

o o 

s 

o 

o 

o o 

o o 

rH 

•I 

#>  •> 

43 

0)  rH 

o 

a>  o lA 

A o 

P 

w VO 

CM 

0)  Os  OO 

CO  O CO 

0 

as  ^ ^ 

ed  lA 

Cd  rH  VO 

O 

X3 

X>  ^ 

Xi  ^ 4/^ 

O 

e 

p 

<r-«  ..r-H  r-s 

.r-s. 

r— k > — k s. 

0> 

Vi  0 

^ ^ ^ 

^ ^ 

^ ^ ^ 

h 

e 

O 

A O A 

ITS  O A 

A o A 

3 

E 

CO  Os  Os 

CO  CTs  Os 

CO  o (7s 

p 

V 

H P 

~ «-  - 

s_o  S..^ 

cd 

43 

4>  Cd 

Vi 

P 

> 0^ 

M M M 

M M M 

M M M 

0) 

4>  Vi 

M M 

M HH 

M M 

04 

CO 

U E-^ 

M 

M 

M 

CO 

B 

•H 

Vh 

0) 

o 

Eh 

m 

•iH 

0 

0 

x: 

V 

m 

Eh 

•H  05 

O 

o 

O 

> 

•H 

(0 

CO 

o 

CM 

o 

CO 

0)  >- 

OS 

o 

O 

rH 

0) 

« 

Q 

rH 

CM 

CM 

El. 

Q 

D-152 


Minimum  flow  maintained  at  Luke,  Maryland,  by  Upper  Potomac  Piver  Commission. 


As  indicated  in  the  Section  on  water  supply  needs , the  water  quality 
may  be  seriously  affected  during  the  low  flow  months  by  the  Bloom- 
ington Reservoir  Project.  Field  studies  are  currently  being  con- 
ducted by  the  Middle  Atlantic  Region  in  order  to  assess  the  effect 
of  the  reduction  in  alkaline  discharges  by  West  Virginia  Pulp  and 
Paper  Company,  These  studies  should  be  good  indications  as  to  the 
possible  effect  of  the  increased  flow  by  the  Bloomington  Project. 


South  Branch  and  Upper  Main  Stem  Potomac  River 

No  present  or  projected  need  for  reservoir  storage  for  water  quality 
control  is  anticipated  in  this  area  if  all  waste  waters  are  given 
conventional  secondary  biological  treatment. 
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I.  REQUEST  AND  AUTHORITY 

In  a letter  dated  June  11,  1965,  the  U.  S.  Army  Engineer  District, 
Charleston,  Corps  of  Engineers,  Charleston,  South  Carolina,  requested 
the  Regional  Program  Director,  Water  Supply  and  Pollution  Control 
Program,  U.  S.  Public  Health  Service,  Charlottesville,  Virginia^, 
to  prepare  an  estimate  of  present  and  projected  needs  for  water 
supply  and  water  quality  control  in  the  Santee  River  Basin  that 
could  be  provided  by  the  proposed  Clinchfield  Reservoir  on  the 
Broad  River  in  Rutherford  County,  North  Carolina. 

This  report  was  prepared  under  the  authority  of  the  Appalachian 
Regional  Development  Act  of  1965,  P.L.  89-*^,  Section  206c. 


II.  PURPOSE  AND  SCOPE 

The  purpose  of  this  study  was  to  determine  the  need  for  and  value 
of  water  supply  and  water  quality  control  storage  in  the  proposed 
Clinchfield  Reservoir.  Water  supply  needs  were  determined  by  iden- 
tifying present  water  uses  and  estimating  future  uses  based  on 
economic  data  supplied  by  the  Charleston  District  Corps  of  Engineers. 
Stream  flow  requirements  to  meet  water  quality  objectives  were 
determined  utilizing  computerized  mathematical  stream  models.  Bene- 
fits attributable  to  water  supply  and  water  quality  control  were 
calculated. 

The  scope  of  this  study  entailed  the  evaluation  of  water  supply 
needs  and  effects  of  waste  discharges  on  the  receiving  streams  from 
the  Junction  of  the  Wateree  and  Congaree  Rivers  upstream  to  the 
proposed  Clinchfield  dam  site.  (See  Figure  l) 

Future  needs  for  the  study  area,  which  consists  of  Cleveland,  Polk, 
and  Rutherford  Counties  in  North  Carolina  and  Calhoun,  Cherokee, 
Chester,  Fairfield,  Greenville,  Lexington,  Newberry,  Richland, 
Spartanburg,  Union  and  York  Counties  in  South  Carolina,  have  been 
estimated  for  a 50-year  period. 

The  study  area  was  divided  into  two  portions.  The  upper  portion 
consists  of  the  Appalachian  Counties  of  Polk  and  Rutherford  in  North 
Carolina;  Greenville,  Spartanburg  and  Cherokee  in  South  Carolina; 
and  the  non-Appalachian  County  of  Cleveland,  North  Carolina.  The 


' Certain  water  pollution  control  functions  of  this  organization 
were  reorganized  under  the  Federal  Water  Pollution  Control 
Administration  which  was  subsequently  transferred  to  the 
Department  of  the  Interior  on  May  10,  1966. 
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lower  portion  consists  of  Calhoun,  Chester,  Fairfield,  Lexington, 
Newberry,  Richland,  Union  and  York.  The  time  period  for  evaluations 
of  the  areas  begins  in  1970  and  ends  in  2020,  and  has  selected 
intermediate  points  for  evaluations  of  19BO  and  2000. 

The  proposed  Clinchfield  Reservoir,  located  in  the  headwaters  of 
the  Broad  River  near  Cliffside,  North  Carolina,  has  a drainage  area 
of  571  square  miles.  The  Broad  River  has  its  headwaters  on  the 
eastern  slope  of  the  Blue  Ridge  Mountains  at  an  elevation  of  ap- 
proximately U,000  feet  and  flows  in  a southeasterly  direction  about 
166  miles,  where  it  Joins  the  Saluda  River  to  form  the  Congaree 
River  at  Columbia,  South  Carolina.  The  major  streams  tributary  to 
the  Broaa  River  are  the  Green,  Second  Broad,  First  Broad,  Pacolet, 
Tyger  and  Enoree  Rivers  . 

Mean  discharges  range  from  169  cubic  feet  per  second  (cfs)  on  the 
Broad  at  Chimney  Rock,  North  Carolina  (U.S.G.S.  Gase  No.  1U85,  31 
years  of  record),  to  8,708  cfs  on  the  ConKaree  at  Columbia,  South 
Carolina  (U.S.G.S.  Gage  No.  l695>  25  years  of  record).  Just  south 
of  the  Junction  of  the  Broad  and  Saluda  Rivers.  The  seven-day  con- 
secutive low  flow  with  a recurrence  interval  of  once  in  ten  years 
at  U.S.G.S.  Gage  No.  1695  is  approximately  1,600  cfs. 


III.  SW^T^ARY  OF  FINDINGS 

Estim.ated  projections  of  economic  and  demographic  growth  indicate 
that  the  principal  future  increases  in  water  supply  demand  will  be 
oriented  to  the  Greenville-Spartanburg  and  the  Columbia  Metropolitan 
complexes.  A modest  increase  in  water  demand  may  be  expected  in 
the  Cnerokee-Cleveland-York  County  subarea.  That  portion  of  the 
Broad  River  flowing  through  the  rural  piedmont  counties  of  Chester, 
Union.  Newberry  and  Fairfield  is  not  expected  to  experience 
significant  increases  in  demand  for  water. 

Existing  water  resources  in  the  portion  of  the  Broad  Fiver  Basin 
below  the  Broad-Enoree  River  Junction  will  provide  sufficient  water 
to  meet  future  needs  beyond  2020.  The  upper  portion  of  tne  basin 
in  the  Appalachia  area  and  bordering  counties  have  a need  for  addi- 
tional water  sources  due  to  the  relatively  small  sizes  of  the 
streams  in  the  vicinity. 

Water  supply  sufficient  to  meet  the  2020  need  of  iNO  million  gal- 
lons per  day  required  in  the  upper  portion  of  the  basin  can  be  met 
by  providing  21,300  acre-feet  of  storage  in  the  Clinchfield  Reservoir. 
The  value  of  annual  benefits  derived  by  meeting  these  needs  is 
$1*9^,500,  which  is  based  on  providing  single-purpose  reservoirs  on 
the  North  Pacolet  River  and  North  Carolina  streams  tributary  to  the 
Broad  River. 
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Due  to  the  relatively  small  size  of  receiving  streams  and  the  esti- 
mated future  waste  loadings  in  the  upper  portion  of  the  basin  in 
South  Carolina,  the  Pacolet,  Tyger^  and  Enoree  Rivers  are  expected 
to  experience  water  quality  problems  between  I98O  and  2000,  based 
on  85  percent  removal  as  measured  by  Biochemical  Oxygen  Demand 
(bod).  The  Pacolet  River  is  the  only  stream  that  will  exert  an 
influence  of  any  consequence  on  the  water  quality  in  the  Broad 
River  by  2020. 

Waters  of  the  upper  portion  of  the  Broad  River  Basin  are  classified 
to  protect  such  beneficial  uses  as  recreation,  water  supply,  and 
fish  and  wildlife.  Water  quality  can  be  maintained  in  the  Pacolet 
and  Broad  Rivers  by  any  one  of  three  methods:  (l)  advanced  waste 
treatment  of  all  the  wastes  in  the  Spartanburg  area,  (2)  quality 
control  releases  from  a reservoir  located  on  the  Nortn  Pacolet 
River  near  Fingerville,  South  Carolina,  and  (3)  piping  the  wastes 
from  the  Spartanburg  area  to  the  Broad  River  and  providing  quality 
releases  from  the  proposed  Clinchfield  Reservoir  on  the  Broad  River. 

Flow  augmentation  from  a single-purpose  reservoir  constructed  on 
the  North  Pacolet  River  would  be  the  least  costly  water  quality 
control  method  for  protecting  aesthetics  and  fishing  in  the  Pacolet 
River.  The  value  of  annual  benefits  derived  from  maintaining  these 
beneficial  stream  uses  is  estimated  to  be  $526,000.  All  benefits 
are  based  on  a 50-year  amortization  of  capital  costs  at  an  interest 
rate  of  three  and  one-eighth  percent  plus  estimated  annual  operation 
and  maintenance  costs. 

Studies  of  water  quality  control  needs  for  the  T^ger  and  Enoree 
Rivers  are  desirable.  Protection  of  beneficial  stream  uses  neces- 
sitates that  water  quality  control  planning  be  initiated  soon,  as 
projected  waste  loads  indicate  a need  for  quality  control  between 
1980  and  2000. 


IV.  PRESENT  WATER  USE 

Basic  data  collected  for  the  study  area  indicate  tnat  the  total 
average  present  water  use  is  approximately  95  million  gallons  per 
day  (mgd).  Present  water  use  is  met  almost  entirely  from  surface 
water  supplies.  Individual  systems  and  some  industries  and  munic- 
ipalities utilize  groundwater  in  conjunction  with  surface  water  as 
a source  of  supply.  However,  groundwater  yields  are  not  of  suffi- 
cient magnitude  to  be  relied  on  as  a source  for  large  water  users. 

Table  1 shows  the  I965  daily  capacity  and  average  aaiiy  water  use 
of  existing  sources  of  supply  being  utilized  by  the  major  munici- 
palities within  the  counties  involved  in  the  study  area.  Tlie  values 
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shown  include  both  municipal  and  industrial  water  uses;  however, 
meuiy  industries  within  the  basin  operate  their  own  water  systems. 

TABLE  1 

Municipal  Water  Supply  Capacity  and  Average 
Present  Water  Use  for  Municipalities  Using  Over 
One  Million  Gallons  Per  Day,  by  Counties,  ^ 

Broad  River  Basin,  North  and  South  Carolina 

Million  Gallons  per  Day 
Estimated 

Source  of  Capacity  of  Average 

Present  Water  Water  Supply  Present 

Counties Supply Source Use 

Cleveland,  N.  C. 


Shelby 

First  Broad  River 

29 

3.h 

Cherokee,  S.  C. 
Gaffney 

Cherokee  8e  Little 
Cherokee  Creek 

lU 

3.2 

Greenville,  S.  C. 
Greenville 
Greer 

Saluda  River 
South  Tyger  River 

60 

10 

23.0 

2.0 

Richland,  S.  C. 
Columbia 

Broad  River 



19.3 

Spartanburg,  S.  C. 
Spartanburg 

South  Pacolet 

Uo 

18. U 

Union,  S.  C. 
Union 

Broad  River 

__ 

3.0 

York,  S.  C. 
York 

Catawba  River 

20 

3.^ 

« 

North  Carolina  Department  of  Water  and  Air 
River  Survey,  1962.  South  Carolina  State 
Records,  I965.  Information  from  municipal 

1966. 

Resources , Broad 
Department  of  Health 
water  supervisors , 
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V.  rphL'E-T:  aAtlp  quality 

The  Broad  i'iver  is  characteristically  a stream  of  Rood  quality 
water.  The  water  within  the  broad  has  a near  neutral  nydrogen  ion 
(pH)  concentration  and  is  lovr  in  chlorides  and  dissolved  solids. 

Water  quality  data  obtained  by  the  States  of  North  and  South  Caro- 
lina, and  the  Federal  Water  Pollution  Control  Administration  indi- 
cate that  the  S-day  20°  centigrade  biochemical  oxygen  demand  is 
normally  below  2 to  3 milligrams  per  liter  (mg/1),  indicating  low 
levels  of  organic  substances.  The  dissolved  oxygen  levels  are 
consistently  in  ?xcess  of  7.0  mg/1  throughout  the  Broad  River. 

Sampling  conducted  by  tne  Federal  Water  Pollution  Control  Adminis- 
tration in  August  and  September  of  1966  indicates  that  some  streams 
tributary  to  ' Broad  li,-.  r experience  very  low  dissolved  oxygen 
levels  and  high  i't.  Degraded  water  quality  is  a direct  result  of 
tributary  st’-eamr  »-p"eivIr,g  large  amounts  of  municipal  and  indus- 
trial -wastes  in  relation  tc  stream  flow  and  assimilative  capacity. 

Due  to  the  vsriabil i V of  underlying  rock  strata  within  the  Broad 
Basin  ground  water  cnemical  characteristics  vary  considerably;  but, 
generally,  these  waters  are  of  good  quality.  Table  2 summarizes 
some  of  tne  cf;e'"ical  quality  parameters  for  both  surface  and  ground 
water  in  the  bro  1 1 Basin. 

Presently  tnc-e  apprcximately  305  municipal  and  industrial 
waste  sources  in  the  Broad  Pi ver  Basin,  approximately  238  of  which 
provide  sccondapv  -freatment,  Ah  primary  trea.tment,  and  23  no 
treatment,  ""ne  total  waste  load  generated  is  approximately  36  mgd 
with  a ponulation  equivalent  (P.F.)  of  1,930.000  before  treatment. 
There  are  apprc'ximately  27^  waste  sources  in  the  upper  portion  of 
the  basin  of  wni  21b  provide  secondary  treatment,  hi  primary, 
and  17  no  treatment.  The  total  waste  load  generated  is  approximately 
56  mgd  with  a 1 .1..  of  1,300,000. 
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VI . THE  ECONOMY 

Unless  otnerwise  stated,  all  data  used  in  this  economic  analysis 
of  the  five-county  study  area  are  provided  by  the  U.  S,  Army  Corps 
of  Engineers,  Office  of  Appalachian  Studies.  Data  for  the  remain- 
der of  the  Broad  River  Basin  was  obtained  from  "Estimates  of  Future 
Economic  Growth  for  Water  Resource  Planninf^,  Broad  River  Basin, 
Worth  and  Soutn  Carolina"  which  was  prepared  under  contract  by 
Clemson  University,  Clemson,  South  Carolina. 


Income 


In  i960  the  mean  per  capita  income  in  the  five-county  Appalachia 
area  of  Polk  and  Rutherford,  North  Carolina,  and  Cherokee,  Green- 
ville, and  Spartanburf^,  South  Carolina,  was  $1,37T,  as  compared  to 
^1,379  for  the  State  of  South  Carolina,  $1,560  for  the  State  of 
I.ortn  Carolina,  and  *2,215  in  the  entire  United  States.^ 


Manufacturinp  Output 

The  following  table  lists  only  major  water  users  in  the  five-county 
study  area  and  their  projected  indexes  of  output  through  2020  as 
computed  from  employment  projections  and  gross  output  per  employee 
projections . 


Manufacturing  Output 


County 

SIC 

Industry 

i960  Output 
($1,000) 

Index  1960= 

i960  "2000 

=100 

2020 

Polk 

20 

Food  Products 

$ 156 

300 

600 

900 

22 

Textile  Products 

5,007, 

200 

1*00 

600 

Rutherford 

20 

Food  Products 

1,186 

300 

600 

900 

22 

Textile  Products 

29,907, 

150 

200 

1*00 

Cherokee 

20 

Food  Products 

782 

300 

600 

900 

22 

Textile  Products 

18,322 

150 

200 

1*00 

28 

Chemical  Products 

3,908 

300 

700 

1,000 

Greenville 

20 

Food  Products 

15,0lU 

300 

600 

900 

22 

Textile  Products 

112,150 

150 

200 

300 

26 

Paper  Products 

7,799 

200 

300 

1*00 

Spartanburg 

20 

Food  Products 

7, '*06 

300 

600 

900 

22 

Textile  Products 

103,938 

300 

600 

1,000 

26 

Paper  Products 

U,200, 

200 

1*00 

800 

28 

Chemical  Products 

5,581* 

300 

700 

1,000 

« 

OBE  data  used  because  Census  of  Manufacturers  data  not  available. 


^ County  and  City  Data  Book  (1962) 
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Population 


Below  is  a table  showing  I960  water  service  area  population  in  the 
study  area  and  projections  of  future  growth  through  2020. 

Broad  Fiver  Basin  Water  Service  Areas 


i960 1980 2000 2020 


Calhoun  County 
Cherokee  County 
Chester  County 
Cleveland  County 
Fairfield  County  ^ 
Greenville  County 
Bexington  County 
Newberry  County 
Polk  County  ^ 
Richland  County 
Rutherford  County  , 
Spartanburg  County 
Union  County 
York  County 


12,256 

8,210 

35,205 

52,009 

30,888 

28,180 

66,0)48 

80,0)40 

20,713 

20,620 

209,776 

309,576 

60,726 

132,)4)40 

29,)<16 

26,690 

11,395 

16,865 

200,102 

310,190 

)*5,091 

58,500 

156,830 

231,611 

30,015 

29,5)*0 

78,760 

113,030 

1)4,830 

23,0)40 

85,6)41 

13)*,  586 

29,800 

36,600 

120,870 

151,890 

22,350 

35,950 

510,063 

801 , 578 

209,000 

378,320 

h2,0U0 

)49,500 

27,771 

)43,6)43 

)4  38,510 

682,000 

96,700 

1)42,900 

381,38)4 

599,356 

)4l,290 

)i9,)4l0 

166,5)*0 

2)42,920 

The  Greenville-Spartanburg  Metropolitan  area  is  located  in  Green 
ville  and  Spartanburg  Counties , and  the  Columbia  Metropolitan 
area  is  located  in  Richland  County. 


By  2020,  the  population  will  almost  quadruple,  the  area  growth  rate 
being  2.26  percent  per  year  as  compared  to  the  national  rate  of  1.66 
percent  according  to  data  provided  by  the  Office  of  Business  Economics. 
The  percentage  of  population  served  will  increase  IO5  percent  by  2020. 


VII.  WATER  SUPPLY  NEEDS 

Future  estimated  water  supply  needs  have  been  determined  based  on 
area  requirements  rather  than  for  individual  municipalities  utiliz- 
ing economic  data  and  projections.  A listing  of  these  future  needs 
is  given  in  Table  3. 

Estimates  indicate  that  the  2020  Spartanburg  County  needs  are  ap- 
proximately 112  mgd,  while  the  remainder  of  the  upper  portion  of 
the  basin  is  expected  to  have  projected  needs  of  26  mgd.  Water 
supply  needs  in  the  upper  portion  of  the  basin  will  exceed  the 
estimated  capacity  of  the  present  water  sources  between  I98O  and 
2000. 


D-162 


o 


TABLE  3 

Water  Supply  Requirements 
Million  Tiallons  per  Day 


Area  Requirements 

Present 

1980 

2000 

2020 

A 

2.7 

1*.7 

7.2 

13.7 

# 

B 

2.2 

3.9 

5.8 

7.2 

C 

3.2 

1*.7 

6.1* 

10.9 

D 

1.5 

i*.3 

6.7 

8.1 

E 

2.0 

6.1 

9.1* 

11.8 

« 

F 

2.8 

8.7 

15.1 

26.0 

G 

u.o 

8.8 

12.2 

15.8 

H 

e.u 

13.0 

17.8 

25.0 

I 

lU.l 

16.8 

22.1* 

1*1.9 

J 

1.5 

2.0 

l*.l 

5.1* 

K 

2.5 

3.0 

1*.2 

7.1* 

L 

6.3 

11.0 

16.3 

22.7 

M 

1.7 

5.0 

8.0 

11.6 

N 

1.5 

3.1 

l*.l* 

6.1 

0 

25.1 

38.2 

55.6 

85.2 

* 

Indicates  those 

areas  that  could 

be  readily 

served  by 

the 

proposed  Clinchfield  Reservoir. 
See  Figure  1 for  locations . 


In  that  portion  of  the  Broad-Enoree  River  Junction,  existing  water 
resources  will  provide  sufficient  water  to  meet  future  needs  beyond 
2020. 

The  Columbia-Cayce  subarea  is  the  largest  complex  in  the  lower  por- 
tion of  the  basin.  Water  resources  of  the  Broad  and  Saluda  Rivers 
are  sufficient  to  provide  water  supply  in  excess  of  estimated  needs 
of  approximately  85  mgd. 

Estimated  total  water  supply  requirements  that  could  be  potentially 
supplied  by  the  Clinchfield  Reservoir  are  shown  as  follows: 
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Clinchfield  Reservoir  Area  Water  Supply  Requirements 


1980 

2000 

2020 

Area  Supply  Requirements  (mgd) 

61 

&h 

lUO 

Storage  of  21,300  acre-feet  of  water  supply  at  the  Clinchfield 
Reservoir  site  will  provide  flow  to  meet  the  2020  requirement  of 
lUO  mgd.  This  requirement  can  also  be  met  by  the  storage  of  61,500 
acre-feet  on  the  North  Pacolet  River  and  North  Carolina  streams 
tributary  to  the  Broad  River. 


VIII.  WATER  QUALITY  CONTROL  NEEDS 

Waters  of  the  upper  portions  of  the  Broad  River  Basin  are  classi- 
fied by  the  North  Carolina  Department  of  Water  and  Air  Resources 
and  the  South  Carolina  Pollution  Control  Authority  to  protect  such 
beneficial  uses  as  recreation,  water  supply,  fish  and  wildlife,  and 
aesthetics . 

Standard  secondary  treatment  and  disinfection  of  effluents  will 
protect  water  supply  and  recreation  uses.  Secondary  treatment  of 
all  wastes  will  also  provide  sufficient  reduction  of  oxygen  demand- 
ing wastes  to  meet  stream  dissolved  oxygen  standards  as  set  by  the 
States  in  all  of  the  streams  in  the  basin  except  the  Pacolet  River, 
Broad  River,  and  upper  portions  of  the  Tyger  and  Enoree  Rivers. 
Protection  of  fish  and  wildlife  on  these  rivers  requires  the  main- 
tenance of  a dissolved  oxygen  level  of  1*.0  mg/1. 

Water  quality  flow  values  necessary  to  maintain  a minimum  dissolved 
oxygen  concentration  of  k mg/1  in  the  Pacolet  and  Broad  Rivers  have 
been  developed  utilizing  computerized  techniques.  These  flow  values 
represent  flow  necessary  to  maintain  acceptable  conditions  in  the 
streams  provided  all  wastes  are  collected  and  receive  sufficient 
treatment  to  remove  at  least  85  percent  of  the  waste  load  as 
measiired  by  biochemical  oxygen  demand. 

The  required  streeim  flow  and  associated  year  2020  storage  required 
for  water  quality  control  near  Pacolet,  South  Carolina,  to  protect 
beneficial  water  uses  in  the  Pacolet  River  are  shown  in  Table  L. 

The  proposed  storage  will  provide  sufficient  water  for  flow  regula- 
tion so  there  will  be  no  more  than  a five  percent  chance  in  any 
given  year  that  the  dissolved  oxygen  will  drop  below  U.O  mg/1  for 
periods  exceeding  30  days.  This  will  usually  occur  during  the 
summer  months  and  would  not  result  in  a total  contravention  of  bene- 
ficial uses.  For  example,  it  is  recognized  that  warm  water  fish  will 
survive  for  extended  periods  at  dissolved  oxygen  levels  in  the  range 
of  3.0  mg/1. 
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TABLE  h 


Required  Stream  Flow  for 

Water  Quality 

Control 

Pacolet 

River  : 

near  Pacolet 

Year 

Year 

Year 

Month 

1980 

2000 

2020 

January 

25 

112 

285 

February 

25 

105 

270 

March 

50 

165 

365 

April 

110 

285 

5)40 

May 

205 

I1O5 

720 

June 

280 

505 

880 

July 

335 

570 

980 

August 

310 

550 

905 

September 

235 

1*50 

780 

October 

155 

3U0 

610 

November 

90 

265 

505 

December 

50 

180 

375 

Storage  required  in  a reservoir  at  the  Finger- 
ville  site  to  maintain  2020  flows — 116,900 
acre-feet . 


The  Pacolet  River  can  also  be  protected  by  eliminating  waste  dis- 
charges to  the  Pacolet  and  transporting  then  to  the  Broad  River 
for  release.  Treated  wastes  discharged  to  the  Broad  River  neces- 
sitate the  stream  flow  and  associated  year  2020  storage  as  shown 
in  Table  5. 

The  stream  flows  shown  in  Tables  ^4  and  5 indicate  required  stream 
flow  and  are  based  on  estimated  waste  loadings  developed  utilizing 
the  economic  projections  in  the  Economy  Section;  therefore,  they 
should  not  be  interpreted  as  reservoir  release  s.chedules . Water 
quality  releases  should  be  made  on  the  basis  of  stream  needs  as 
determined  by  the  responsible  water  pollution  control  agency  from 
data  obtained  through  water  quality  monitors. 

Because  of  poor  water  quality  associated  with  thermal  stratifica- 
tion, a multi-level  outlet  structure  should  be  incorporated  in  the 
design  of  water  quality  control  reservoirs  to  permit  the  release 
of  water  high  in  dissolved  oxygen.  The  multi-level  outlet  will 
also  provide  for  the  passage  of  fish  from  the  reservoir  to  the 
tailwaters.  Stream  monitoring  equipment  should  be  installed  down- 
stream to  provide  information  to  be  used  for  determining  reservoir 
releases  and  developing  a water  quality  management  program  for  the 
basin. 
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TABLE  5 

Required  Stream  Flow  for  Water  Quality  Control 
Broad  River  near  Parr 

(cfs) 


Month 

Year 

1980 

Year 

2000 

Year 

2020 

January 

710 

1150 

1550 

February 

660 

1100 

1530 

March 

830 

1290 

1670 

April 

9I4O 

IU60 

1810 

May 

1000 

15'^0 

1910 

June 

1015 

1570 

1970 

July 

1050 

1600 

2000 

August 

lOUO 

1590 

1980 

September 

1010 

1550 

1930 

October 

970 

1500 

1870 

November 

920 

ll*30 

1800 

December 

860 

1350 

1700 

Storage  required  in  a reservoir  at  the  Clinch- 
field  site  to  maintain  2020  flows — 148,300 
acre-feet. 


Projected  water  quality  needs  for  the  Tyger  and  Enoree  Rivers 
indicate  the  need  for  further  engineering  studies  of  these  streams. 


IX.  BENEFITS 
Water  Supply 

Water  supply  needs  for  the  upper  portion  of  the  Broad  River  Basin 
that  could  be  met  by  constructing  a single-purpose  reservoir  at  the 
Clinchfield  site  or  on  the  North  Pacolet  River  near  Fingerville, 
South  Carolina  and  North  Carolina  tributaries  were  determined. 

These  water  supply  needs  can  be  met  from  the  Clinchfield  site  by 
providing  21,300  acre-feet  of  storage.  Due  to  the  differences  in 
drainage  area  and  basin  hydrology,  a total  storage  of  6l,500  acre- 
feet  will  be  required  on  the  North  Pacolet  and  North  Carolina 
tributaries  to  provide  sufficient  water  supply.  Water  supply  stor- 
age at  the  Clinchfield  and  Fingerville  sites  needed  to  supply  the 
Spartanburg  area,  approximately  112  mgd  in  2020,  will  have  to  be 
pumped  to  be  available  at  the  Spartanburg  municipal  reservoir  on 
the  South  Pacolet  River. 
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Presented  below  is  a tabulation  of  the  comparative  costs  of  pro- 
vidina;  water  supply  from  either  the  Clinchfield  or  FinRerville  and 
North  Carolina  sites. 


Construction 

Site 


Fingerville  and 
N.  C.  Sites 


Present  worth 
storage  costs 

Present  worth 
pumping  costs 

TOTAL 

Average  annual  costs 


$7,650,000 

8,135,000 

$15,785,000 

628,000 


$9,920,000 

2,500,000 

$12,420,000 

494,500 


The  present  worth  of  all  costs  at  year  1970  has  been  determined 
and  then  amortized  over  a project  life  of  50  years  at  three  and 
one-eighth  percent  to  determine  annual  costs  in  this  report. 


The  average  annual  cost  of  providing  water  supply  from  the  Finger- 
ville site  is  $133,500  less  than  the  average  annual  cost  of  water 
supply  in  the  Clinchfield  site.  The  average  annual  cost  of 
$494,500  is  a measure  of  the  value  of  benefits  for  the  l4o  mgd  to 
be  supplied  to  the  upper  portion  of  the  Broad  River  basin. 

Water  Quality  Control 

The  value  of  water  quality  control  benefits  may  be  determined  by 
assessing  damages  that  would  result  in  the  absence  of  quality 
control  beyond  that  of  providing  secondary  treatment.  Direct 
evaluation  of  all  economic  effects  as  a result  of  present  or  future 
water  quality  cannot  be  made  due  to  lack  of  data  on  loss  of  recrea- 
tional opportunities,  aesthetics,  fish  and  wildlife,  and  other 
beneficial  uses;  therefore,  the  value  of  benefits  iias  been  esti- 
mated to  be  equal  to  the  least  cost  alternate  for  protecting  the 
beneficial  stream  uses.  The  discharge  of  wastes  from  the  Spartan- 
burg area  to  the  Pacolet  River,  based  on  projected  waste  loads, 
will  degrade  the  stream  and  reduce  beneficial  water  uses.  The 
degradation  of  the  stream  during  periods  of  low  flow  will  extend 
from  the  point  of  waste  discharge  down  the  Pacolet  and  into  the 
Broad  River,  a distance  of  approximately  30  miles. 

The  reduction  of  beneficial  water  uses  associated  with  fishing 
and  aesthetics  can  be  prevented  by  any  one  of  the  three  following 
methods : 
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1.  Collect  and  treat  all  wastes  in  the  Spartanburg  area  utilizing 
advanced  waste  treatment. 

2.  Flow  regulation  from  a reservoir  located  on  the  North  Pacolet 
River. 

3.  Collect  all  wastes  in  the  Spartanburg  area,  treat  and  pipe  the 
waste  to  the  Broad  River  for  discharge,  in  conjunction  with  flow 
regulation  in  the  Broad  River  from  a reservoir  located  at  the 
Clinchfield  site. 

The  first  method  indicated  above,  advanced  waste  treatment,  would 
result  in  a present  worth  of  $17,108,000.  This  siim  of  money,  which 
includes  capital  and  operation  and  maintenance  costs,  would  result 
in  an  estimated  average  annual  cost  of  $681,000. 

The  second  method  would  require  a single-purpose  reservoir  of 
116,900  acre-feet  of  flow  regulation  storage  located  on  the  North 
Pacolet  River.  The  estimated  cost  of  this  reservoir  is  $13,225,000 
or  an  average  annual  cost  of  $526,000. 

The  third  method,  piping  the  wastes  from  the  Spartanburg  area  to 
the  Broad  River  for  discharge  after  receiving  secondary  treatment, 
would  result  in  an  initial  cost  of  $7,830,000  and  an  average  annual 
cost  of  $312,000.  Storage  of  U8,300  acre-feet  of  quality  control 
water  will  be  necessary  to  maintain  water  quality  on  the  Broad 
River.  The  proposed  Clinchfield  site  could  be  utilized  for  a 
single-purpose  reservoir  to  provide  this  storage.  Construction 
cost  is  estimated  at  $10,U00,000,  which  results  in  an  estimated 
average  annual  cost  of  $Ull*,000.  The  total  average  cost  of  this 
method  is  estimated  to  be  $726,000, 

The  value  of  annual  benefits  for  flow  regulation  in  the  Broad 
River  Basin  is  equal  to  the  cost  of  the  most  feasible  alternate, 
and  the  benefit  value  is  estimated  to  be  $526,000  per  year.  Table 
6 summarizes  the  costs  of  the  feasible  schemes  by  which  water 
quality  could  be  maintained. 
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TABLE  6 

Comparative  Costs  of  Alternative  Water 
Quality  Control  Methods 


Method Annual  Cost 

1.  Advanced  waste  treatment  $681,000 

2.  Flow  regulation  single-purpose 
reservoir  located  on  the  North 

Pacolet  River  near  Fingerville  526,000 

3.  Piping  wastes  to  the  Broad  River 
and  flow  regulation 

a.  Piping  wastes  to  Broad  River  $312,000 

b.  Flow  regulation  single-purpose 

reservoir  located  at  the  proposed 
Clinchfield  reservoir  site  l^lU,000 

TOTAL  COST  NO.  3 726,000 
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I.  REQUEST  AND  AUTHORITY 

In  a letter  dated  July  22,  1965,  the  Department  of  the  Army,  Corps 
of  Engineers,  Charleston,  South  Carolina,  requested  the  Regional 
Program  Director,  U.  S.  Public  Health  Service,  Charlottesville, 
Virginia^,  to  prepare  an  estimate  of  present  and  projected  needs 
for  water  supply  and  water  quality  control  in  the  Yadkin-Pee  Dee 
River  Basin  tnat  could  be  provided  by  reservoirs  on  the  Yadkin 
River  and  tributary  streams. 

This  report  was  prepared  under  the  authority  of  the  Appalachian 
Regional  Development  Act  of  October  1965,  P.L.  89-^,  Section  206C. 


II.  PURPOSE  AND  SCOPE 

The  purpose  of  this  investigation  was  to  determine  the  need  for 
and  value  of  water  supply  and  water  quality  control  storage  in  the 
Upper  Yadkin  River  Basin,  North  Carolina.  Future  needs  were  esti- 
mated utilizing  economic  projections  provided  by  the  Corps  of 
Engineers  that  reflect  the  effects  of  the  Appalacnian  Program,  on 
the  study  area. 

The  scope  of  this  report  was  confined  to  that  portion  of  the  Yadkin 
River  Basin  which  lies  within  the  Appalachian  Study  area,  as  shown 
in  Figure  1.  The  counties  included  in  this  area  are  Davie,  Forsyth, 
Stokes,  Surry,  Wilkes,  and  Yadkin,  each  of  which  is  in  North 
Carolina.  To  facilitate  the  investigation,  municipal  and  industrial 
centers  located  in  and  aroiind  Winston-Salem,  Mt.  Airy,  Elkin,  and 
Wilkesboro  were  grouped  into  single  study  units  referred  to  in  this 
report  as  subareas  bearing  the  names  of  these  towns. 

Within  the  study  area  are  the  W.  Kerr  Scott  Reservoir  and  five  pro- 
posed reservoirs.  The  W.  Kerr  Scott  Reservoir  was  completed  in 
1962  and  is  located  on  the  Yadkin  River  near  North  Wilkesboro, 

North  Carolina,  approximately  90  miles  upstream  from  Winston-Salem. 
It  is  a multi-purpose  flood  prevention  and  water  supply  reservoir, 
having  a 33,000  acre-foot  conservation  pool  allocated  to  Winston- 
Salem  and  Wilkes  County,  Iv’orth  Carolina,  for  water  supply. 

Of  the  five  proposed  reservoirs,  the  Upper  Donnaha  Reservoir  site 
is  located  on  the  Yadkin  River  approximately  miles  upstream  from 


^ Certain  water  pollution  control  functions  of  this  organization 
were  reorganized  under  the  Federal  Water  Pollution  Control 
Administration,  which  was  subsequently  transferred  to  the 
Department  of  the  Interior  on  May  10,  1966. 
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Winston-Salem,  and  the  remaining  four  sites  are  on  tributaries  to 
the  fadkin  River  between  the  W.  Kerr  Scott  Reservoir  and  the 
Upper  Donnaha  Fesei^oir  (see  Figure  l).  These  four  tributary 
reservoir  sites  are  located  on  the  Reddies,  Roaring,  Mitchell, 
and  Fisher  Rivers  and  bear  the  names  of  the  respective  rivers. 

The  Upper  Yadkin  River  Basin  extends  into  two  physiographic  regions. 
Headwaters  rise  in  the  Blue  Ridge  Mountains  and  flow  through  the 
Piedmont  Plateau.  Headwater  sources  are  3,500  to  U,000  feet  above 
sea  level,  but  quickly  drop  to  1,500  feet.  Streambed  slopes  dimin- 
ish from  8.1  feet  per  mile  in  the  western  Piedmont  to  2.1  feet  per 
mile  before  leaving  the  Appalachian  Region.  The  25-year,  7-day 
low  flow  in  the  Yadkin  River  at  Wilkesboro  is  about  l60  cubic  feet 
per  second  (cfs);  while  near  Winston-Salem  it  is  about  590  cfs. 

The  drainage  area  contributing  to  the  Yadkin  River  in  the  study 
area  is  approximately  2,100  square  miles,  and  the  average  flow 
from,  this  area  is  2,900  cfs. 


III.  SUMMARY  OF  FINDINOS 


By  tne  year  2020,  the  water  supply  needs  for  the  various  subareas 
are  estimated  as  follows; 


Subarea 


Million  Gallons  Per  Day  (mgd) 


Winston-Salem  120 
Mt.  Airy  ll 
Elkin  18 
Wilkesboro  33 


Studies  indicate  that  releases  from  the  33,000  acre-foot  conserva- 
tion pool  of  the  W.  Kerr  Scott  Reservoir  and  natural  stream  flows 
of  the  Yadkin  and  tributaries  will  meet  the  total  water  supply 
demand  in  the  study  area  until  the  year  2020. 

Within  the  study  area,  the  greatest  need  for  water  quality  control 
is  in  the  critical  reach  of  the  Yadkin  River  which  extends  from 
Muddy  Creek  downstream  to  a point  Just  above  the  confluence  with 
the  South  Yadkin  River.  The  waste  loads  entering  this  reach  are 
primarily  from  waste  sources  located  in  the  lower  part  of  the 
study  area  which  includes  the  Winston-Salem  subarea.  Natural 
stream  flow  in  the  Yadkin  River  upstream  from  this  point  is  ade- 
quate to  m.aintain  beneficial  stream  uses  until  the  year  2020,  based 
upon  65  percent  removal  of  first  stage  biochemical  oxygen  demand 
(bod).  These  beneficial  uses,  which  include  fishing,  aesthetics. 
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and  recreation  exclusive  of  water  contact  sports,  will  be  maintained 
in  the  critical  reach  until  the  year  2020,  if  35*000  acre-feet  of 
water  quality  storage  is  provided  in  any  one  of  the  five  proposed 
reservoirs,  or  if  advanced  waste  treatment  is  provided  for  the 
Winston-Salem  subarea.  Water  quality  storage  in  a single-purpose 
reservoir  located  on  Roaring  River  was  found  to  be  the  leatst  costly 
alternative,  and  the  average  annual  value  of  benefits  for  this 
water  quality  storage  was  estimated  to  be  $336,800.  The  value  of 
benefits  was  based  upon  a 50-year  amortization  of  capital  costs  at 
an  interest  rate  of  three  and  one-eighth  percent  plus  estimated 
annual  operation  and  maintenance  costs. 


IV.  PRESENT  WATER  USE 

There  is  an  abundant  supply  of  water  in  the  Yadkin  River,  tribu- 
taries, and  the  W.  Kerr  Scott  Reservoir  to  meet  present  needs  in 
the  Winston-Salem,  Elkin,  and  Wilkesboro  subareas.  The  33,000 
acre-foot  conservation  pool  in  the  W.  Kerr  Scott  Reservoir  is  al- 
located to  Winston-Salem  and  Wilkes  County,  North  Carolina,  for 
water  supply;  and  the  responsibility  for  its  regulation  has  been 
given  to  Winston-Salem.  Mt.  Airy  obtains  its  water  supply  from 
Lovills  Creek,  which  adequately  supplies  present  use.  The  present 
municipal  and  industrial  water  use  in  the  various  subareas  is  as 
follows: 


Winston-Salem 
Mt.  Airy 
Elkin 

Wilkesboro 


13.3  mgd 
2.2  mgd 
3.9  mgd 
3.6  mgd 


V.  PRESENT  WATER  QUALITY 

Water  quality  information  collected  by  the  State  of  North  Carolina 
and  the  U.  S.  Geological  Survey  indicates  that  within  the  stucy 
area,  the  Yadkin  River  is  generally  of  good  mineral  quality  and 
contains  relatively  high  concentrations  of  dissolved  oxygen.  The 
largest  waste  load  entering  the  Upper  Yadkin  River  comes  from 
Winston-Salem,  through  Muddy  Creek.  While  conditions  in  Muddy 
Creek  are  often  poor,  the  water  quality  in  the  Yadkin  River  just 
downstream  from  Muddy  Creek  is  relatively  good,  with  the  dissolved 
oxygen  level  averaging  more  than  6.0  milligrams  per  liter  (mg/l) 
during  the  critical  summer  months.  Typical  values  for  other 
quality  parameters  in  this  reach  are  as  follows: 
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Suspended  Solids 

250.0  mg/1 

Dissolved  Solids 

70.0  mg/1 

Ammonia 

1.1  mg/1 

BOD  (5-day  g 20° C) 

2.0  mg/1 

Nitrate 

0.55  mg/1 

Nitrite 

0.05  mg/1 

The  City  of  Winston-Saler.  operates  a secondary  treatment  plant 
which  discharges  into  Salem  Creek,  a tributary  to  Muddy  Creek. 
Natural  flows  in  these  streams  are  small  in  comparison  with  the 
waste  load  entering  them;  and  as  a result,  the  dissolved  oxygen 
level  drops  below  1.0  mg/1  at  times  during  the  summer  months.  The 
City  is  currently  planning  improvements  to  the  waste  treatment  plant 
which  will  improve  the  water  quality  in  Muddy  Creek.  Tobacco  and 
textile  industries  are  the  principal  non-domestic  waste  sources  in 
Winston-Salem,  havina:  discharges  averaging  6.3  and  1.5  mgd,  respec- 
tively, while  the  waste  discharges  from  domestic  sources  averaee 
7.5  mgd.  Other  miscellaneous  sources  average  1.2  mgd. 

The  Town  of  Mt.  Airy  operates  a secondary  sewage  treatment  plant 
which  serves  a population  of  approximately  7,200.  The  design  ca- 
pacity of  the  plant  is  2.0  mgd;  and  its  effluent,  which  averages 
1.50  mgd,  is  discharged  into  the  Ararat  River.  The  Ararat  River, 
which  is  a relatively  high  quality  stream  with  a dissolved  oxygen 
level  averaginr  more  than  7.0  mg/1  during  the  summer,  assimilates 
tne  remaining  biochemical  oxygen  demand  from  Mt.  Airy  before 
reaching  tne  Yadkin  River. 

The  Town  of  Wlkin  discharges  the  effluent  from  its  primary  sewage 
treatment  plant,  after  chlorination,  into  the  Yadkin  River.  The 
plant,  averaging  0.2  mgd  and  having  a desigr.  capacity  of  0.5  mgd, 
serves  a population  of  approximately  3,000,  including  the  domestic 
service  from  local  industiy.  The  Town  is  currently  planning  a 
secondary  treatment  plant.  The  Town  of  Jonesville,  which  was  in- 
cluded in  the  Elkin  subarea  for  purposes  of  this  study,  discharges 
the  effluent  from  a primary  treatment  facility  serving  a population 
of  approximately  l,b00  into  a tributary  to  the  Yadkin  River  near 
Elkin.  The  largest  waste  load  discharging  into  the  river  from  this 
subarea  is  attributable  to  the  textile  industry.  This  waste  re- 
ceives secondary  treatment,  and  it  has  a population  equivalent  of 
approximately  5,500  upon  entering  the  stream.  The  dissolved  oxygen 
in  the  Yadkin  River,  immediately  below  this  subarea,  averages  more 
than  7.0  mg/1  during  the  summer. 

The  Towns  of  Wilkesboro  and  North  Wilkesboro  and  surrounding  com- 
munities were  combined  into  a single  subarea  for  this  study.  This 
subarea  is  situated  on  both  sides  of  the  Yadkin  River  Just  below 
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the  W.  Kerr  Scott  Reservoir.  One  of  the  largest  poultry  processing 
plants  in  the  world  is  located  in  Wilkesboro.  It  processes  an 
average  of  l80,000  chickens  per  eight-hour  day,  and  discharges  its 
wastes  into  the  Wilkesboro  secondary  waste  treatment  plant  which 
achieves  an  average  of  approximately  90  percent  BOD  removal  prior 
to  release  into  the  Yadkin  River.  The  BOD  of  the  effluent  from 
this  plant  averages  26  mg/l  in  an  average  discharge  of  1.60  mgd. 

The  sewage  treatment  facility  in  North  Wilkesboro  consists  of  a 
primary  treatment  plant  with  chlorination  which  handles  approxi- 
mately 0.3  mgd,  principally  of  domestic  origin.  The  dissolved  oxy- 
gen in  the  Yadkin  River  immediately  below  this  subarea  averages 
more  than  6.5  mg/l.  Studies  are  currently  underway  to  provide 
secondary  treatment  facilities. 


VI.  THE  ECONOMY 

In  the  study  area,  the  level  of  economic  activity  as  measured  in 
terms  of  per  capita  income  is  greater  than  the  State  of  North  Caro- 
lina, but  is  below  that  of  the  United  States  as  a whole. 

Unless  otherwise  stated,  all  data  used  in  this  economic  analysis 
of  the  study  area  are  provided  by  the  U.  S,  Army  Corps  of  Engineers, 
Office  of  Appalachian  Studies. 

Manufacturing  Output 

The  following  table  lists  only  ma.^or  water  users  and  their  projected 
indexes  of  output  through  2020  as  computed  from  employment  projections 
and  gross  output  per  employee  projections. 

MANUEACTURING  OUTPUT 


County 

SIC 

Industry 

i960  Output 
($1,000) 

Index  i960 
1980  2000 

= 100 
2020 

Davie 

226 

Textile  Finishing 

30,075 

I4OO 

1,000 

2,000 

Forsyth 

211 

Cigarettes 

« 

200 

700 

1,000 

221 

Fabric  Mills 

1,6140 

300 

500 

800 

225 

Knitting  Mills 

33,1438 

500 

1,000 

2,000 

226 

Dying  and  Finishing 

Textiles 

2,610 

300 

600 

1,100 

228 

Yarn  & Thread  Mills 

5,006 

300 

500 

800 

335 

Nonferrous  Rolling  & 

Drawing 

1,068 

200 

I4OO 

600 

366 

Communications 

Equipment 

573,1422 

I4OO 

800 

1,600 

D-1T5 
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MAMUFACTUPING  OUTPUT  (Continued) 


i960  Output  Index  I960  = 100 


County 

SIC 

Industry 

($1,000) 

1980 

2000 

2020 

Stokes 

2li*l 

Tobacco 

* 

200 

1*00 

TOO 

22U1 

Narrow  Fabric  fiills 

2,ll*L 

1*00 

800 

1,600 

Surry 

2015 

Poultry  4 Small  Game 

587 

1*00 

1,000 

2,000 

222 

Broad  Woven  Fabrics 

223 

Broad  Woven  Fabrics 

18,537 

1*00 

1,000 

2,000 

22U 

Narrow  Fabrics 

225 

Knitting  Mills 

9,531 

1*00 

800 

1,200 

3079 

Miscellaneous  Plastics 

• 

300 

700 

1,500 

Wilkes 

2015 

Poultry  8t  Small  Game 

3,518 

600 

1,200 

2,000 

225 

Knitting  Mills 

l,67i* 

1*00 

800 

1,200 

Yadkin 

« 

22h 

Narrow  Fabrics 

3^41 

1*00 

900 

1,500 

Data  not  available. 


Population 

Below  is  a table  showing  I960  population  in  the  study  area  and  pro- 
jections of  future  population  and  water  service  area  growth  throueh 
2020. 

POPULATION 


County  and  Water 


Service  Area 

i960 

1980 

2000 

2020 

Davie  County 

16,728 

23,280 

1*0,280 

61*  ,961 

Forsyth  County 

189,1*28 

263 ,61*6 

1*56,171 

735,672 

Winston-Salem 

138,600 

ii*9,loo 

21*6,900 

31*9,000 

Stokes  County 

22,311* 

31 ,079 

53,771* 

86,722 

Surry  County 

Ue,205 

07,105 

116,107 

187,21*7 

Mount  Airy  Town 

12,000 

15,700 

21*,  700 

38,900 

Wilkes  County 

1*5,269 

63,031 

109,058 

175,679 

N.  Wilkesboro  Town 

7,000 

17,200 

33,200 

67,800 

Yadkin  County 

22,60l* 

31,718 

51*, 882 

88,508 

Jonesville,  Elkin 

1*,900 

7,01*8 

12,000 

19,1*00 

TOTAL  (County) 

31*1*, 71*8 

1*79,659 

830,272 

1,338,989 

(Population  Served) 162,500 

189,31*8 

316,900 

1*76,000 

D-J.76 
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In  i960,  3^^, 7^8  or  7.5  percent  of  the  population  of  North  Carolina 
lived  in  the  study  area,  of  which  i*7.1  percent  received  municipal 
water  service.  Forsyth  County  had  the  largest  population,  with 
most  of  its  people  living  in  Winston-Salem. 

By  2020,  the  population  of  the  area  will  almost  quadruple,  the 
area's  growth  rate  being  2.28  percent  per  year  as  compared  to  the 
national  rate  of  1.66  percent,  according  to  data  provided  by  the 
Office  of  Business  Economics. 


VII.  WATEP  SUPPLY  NEEDS 

Based  on  the  economic  and  demographic  studies  made  of  the  basin, 
which  reflect  the  effects  of  the  Appalachian  Program,  domestic 
water  use  is  expected  to  triple  within  the  studj'  area,  while  tne 
combined  water  consumption  by  the  principal  water-using  industries 
is  expected  to  increase  approximately  eight  and  one-half  times  by 
the  year  2020.  The  principal  water-using  industries  in  the  study 
area  are  textiles,  tobacco,  and  poultry  processing. 

The  33,000  acre-foot  conservation  pool  in  the  existing  W.  Kerr 
Scott  Reservoir  is  allocated  to  the  purpose  of  water  supply  and 
will  be  adequate  to  meet  the  water  supply  needs  of  the  Winston- 
Salem,  Elkin,  and  Wilkesboro  subareas  until  the  year  2020.  Based 
on  U.  S.  Geological  Survey  stream  flow  records,  the  combined  flow 
of  the  Ararat  River  at  Ft.  Airy  and  Stewarts  Creek  near  Mt.  Airy 
will  be  more  than  adequate  to  meet  the  Ft.  Airy  supply  needs  until 
the  year  2020.  Plans  are  currently  underway  to  construct  a water 
supply  intake  in  Stewarts  Creek. 

The  table  below  lists  the  estimated  future  municipal  and  industrial 
water  supply  needs  for  the  various  subareas  in  the  basin. 


I960 

2000 

2020 

Winston-Salem 

32  mgd 

70  mgd 

120  mgd 

Mt.  Airy 

6 m.gd 

10  mgd 

1^4  mgd 

Elkin 

11  mgd 

26  mgd 

U8  mgd 

Wilkesboro 

10  mgd 

19  mgd 

33  mgd 

VIII.  WATER  QUALITY  CONTROL  NEEDS 

The  beneficial  water  uses  in  the  study  area  are  fishing,  recreation, 
aesthetics,  and  water  supply.  Water  quality  and  stream  uses  were 
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evaluated,  and  it  was  determined  that  coliform  bacteria  and  dissolved 
oxygen  were  the  most  significant  qusility  standards  that  must  be 
maintained  to  protect  the  present  and  future  uses  of  the  streams  in 
the  basin. 

The  North  Carolina  State  Stream  Sanitation  Committee  has  established 
water  quality  standards  and  stream  uses  for  all  waters  in  the  Yadkin 
River  Basin.  The  following  table  indicates  the  water  uses  to  be 
protected  on  the  main  stem  of  the  Yadkin  River  in  the  study  area. 


Reach 

Classi fication 

Best  Usage 

Source  to  W.  Kerr  Scott 
Reservoir 

C 

Fishing 

W.  Kerr  Scott  Reservoir 

B 

Bathing 

W.  Kerr  Scott  Reservoir 
to  Moravian  Creek 

A-II 

Water  supply 

Moravian  Creek  to 
Roaring  Piver 

C 

Fishing 

Roaring  River  to 
Elkin  River 

A-II 

Water  supply 

Elkin  River  to 
Ararat  River 

C 

Fishing 

Ararat  River  to 

High  Rock  Reservoir 

A-II 

Water  Supply 

A minimum  dissolved  oxygen  level  of  )^.0  mg/1  has  been  adopted  for 
the  above  classifications,  and  the  coliform.  concentration  for 
reaches  designated  for  water  supply  must  meet  the  recommendations 
contained  in  the  19^6  Public  Health  Service  Bulletin  No.  ?9b.  For 
recreational  waters,  the  objective  is  200  fecal  coliform  per  100  ml. 

Water  supply  and  recreational  uses  in  the  basin  will  be  protected 
througn  disinfection  of  the  wastes  at  the  source.  Fishing  usages 
can  be  maintained  in  the  basin  at  present  through  provision  of 
secondary  treatment  for  all  waste  sources  in  the  basin.  To  main- 
tain this  usage  in  the  future,  advanced  waste  treatment  or  flow 
augmentation  will  be  necessary. 

Natural  flows  in  the  Yadkin  Piver  and  disinfection  of  waste  dis- 
charges will  maintain  the  above  beneficial  uses  until  the  year 
2020,  except  in  the  critical  reach  below  the  confluence  with  Muddy 
Creek.  A mathematical  model  of  the  basin  was  developed  which  in- 
corporated hydrologic  data  with  the  economic  and  demographic  pro- 
jections; and  utilizing  computer  techniques  to  evaluate  the  model 
under  various  conditions,  it  was  determined  that  the  following 
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flows  will  be  necessary  In  the  Yadkin  Just  above  the  confluence 
with  Muddy  Creek  to  maintain  the  beneficial  uses  of  the  river.  In 
addition,  these  flows  will  maintain  aesthetically  pleasing  conditions 
and  a balanced  aquatic  environment. 


Month 

Year 

1980 

Year 

2000 

Year 

2020 

January 

60 

120 

215 

February 

65 

125 

225 

March 

85 

185 

320 

April 

120 

300 

500 

May 

160 

hhO 

T'+O 

June 

215 

600 

1,020 

July 

250 

TOO 

1,180 

August 

225 

6U0 

1,090 

September 

190 

520 

880 

October 

120 

300 

500 

November 

90 

210 

360 

December 

TO 

130 

260 

The  above  flows  are  based  on  the  collection  and  adequate  treatment 
of  all  municipal  and  industrial  wastes.  For  the  purpose  of  this 
report,  adequate  treatment  is  defined  as  secondary  treatment  with 
85  percent  removal  of  first  stac:e  BOD  from  all  waste  sources. 

The  above  flows  are  not  release  schedules  but  are  the  estimated 
stream  flows  required  in  the  critical  reach  and  are  based  on 
economic  projections  and  associated  waste  loads.  These  flows  were 
used  for  determining  reservoir  storage  requirements.  Water  quality 
releases  should  be  made  on  the  basis  of  stream  needs  as  determined 
by  the  responsible  water  pollution  control  agency  from  data  obtained 
through  water  quality  monitors. 

A mathematical  model  was  utilized  to  determine  the  amount  of  stor- 
age that  would  be  required  at  the  various  proposed  reservoir  sites 
to  maintain  the  above  flows  and  protect  the  beneficial  stream  uses . 
It  was  determined  that  35,000  acre-feet  of  water  quality  storage 
in  any  one  of  the  proposed  reservoirs  will  provide  sufficient  water 
for  flow  regulation  such  that  there  will  be  no  more  than  a five 
percent  chance  in  any  given  year  that  the  dissolved  oxygen  will 
drop  below  U.O  mg/1  for  periods  exceeding  30  days.  This  will 
usually  occur  during  the  summer  months  and  would  not  result  in  a 
total  contravention  of  beneficial  uses.  For  example,  it  is  recog- 
nized that  warm-water  fish  will  survive  for  extended  periods  at 
dissolved  oxygen  levels  in  the  range  of  3.0  mg/1. 
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It  is  desirable  to  release  water  of  adequate  quality  from  the 
reservoirs  to  meet  downstream  quedity  needs.  Therefore,  provision 
for  multiple  level  outlets  should  be  considered  in  the  design  of 
the  structures  to  permit  selection  of  water  quality  necessary  for 
the  desirea  uses. 


IX.  BENE7TTS 


Water  Supply 

Since  the  water  supply  needs  in  the  study  area  will  be  met  by 
natural  stream  flows  and  releases  from  the  existing  W.  Kerr  Scott 
Reservoir  until  the  year  2020,  no  water  supply  benefits  would  accrue 
to  the  proposed  reservoirs. 

Water  Quality  Control 

Advanced  waste  treatment  in  the  Winston-Salem  subarea  or  35,000 
acre-feet  of  water  quality  control  storage  in  any  one  of  the  five 
proposed  reservoirs  could  provide  the  necessar:/^  water  quality 
control  to  satisfy  the  beneficial  water  uses  in  the  study  area. 
Information  provided  by  tne  Corps  of  Engineers  indicated  tnat  the 
site  for  tne  least  expensive  single-purpose  reservoir  was  on  Roaring 
River.  The  cost  of  advanced  waste  treatment  was  based  upon  stage 
construction  of  a lime-alum  coagulation  waste  treatment  facility. 
Comparison  of  the  costs  of  tnese  alternate  methods  is  given  below. 

Comparative  Costs  of  Alternative  Water 
Quality  Control  Methods 


Method 


Annual  Cost^ 


Advanced  Waste  Treatment  $975,500 

35,000  acre-foot  single-purpose 
water  quality  reservoir  on  the 

Roaring  River  $33b,800 

^ All  of  the  annual  cost  values  are  based  on  a 50-year  amortisa- 
tion of  capital  costs  at  sin  interest  rate  of  three  and  one-eighth 
percent  plus  estimated  operation  and  maintenance. 


Water  quality  storage  in  the  Roaring  River  Reservoir  is  the  least 
costly  alternative  means  of  providing  water  quality  control  in  the 
basin  and  may  be  considered  equal  to  the  value  of  benefits  result- 
ing from  maintaining  beneficial  stream  uses.  The  average  annual 
value  of  oenefits  allocated  to  this  purpose  is  $336,800. 
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I.  REQUEST  AND  AUTHORITY 

The  U,  S.  Department  of  the  Army,  District  Engineer,  Norfolk, 
Virginia,  requested  through  a letter  dated  October  20,  1967,  that 
the  Federal  Water  Pollution  Control  Administration  Regional  Director, 
Middle  Atlantic  Region,  prepare  a report  indicating  the  estimated 
flow  needed  to  satisfy  present  and  future  water  supply  and  water 
quality  control  requirements  in  critical  areas  downstream  from  the 
proposed  Appalachia  Project  of  Hipes  Reservoir  on  Craig  Creek  in 
the  James  River  Basin. 

This  report  was  prepared  under  the  authority  of  the  Appalachian 
Regional  Development  Act  of  1965,  P.L.  89-^,  Section  206c. 
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The  assistance  and  cooperation  of  various  governmental  agencies, 
industrial  representatives,  and  institutions  which  enabled  the 
Chesapeake  Field  Station  to  evaluate  water  supply  and  water  quality 
control  needs  were  sought  and  are  gratefully  acknowledged.  Coopera- 
tion was  received  from  individuals  and  organizations  too  numerous 
to  be  listed,  but  special  mention  is  merited  by  the  following: 

U.  S.  Fish  and  Wildlife  Service 
U.  S.  Geological  Survey 

U.  S.  Army,  Corps  of  Engineers,  Norfolk  District 
U.  S.  Department  of  Commerce 

Virginia  Division  of  Industrial  Planning  and  Development 

Virginia  Division  of  Water  Resources 

Virginia  State  Water  Control  Board 

Virginia  State  Department  of  Health 

Virginia  Institute  of  Marine  Science 

Virginia  Military  Institute  Research  Laboratories 

City  of  Richmond,  Department  of  Public  Works 

West  Virginia  Pulp  and  Paper  Company,  Covington,  Virginia 

Owens-Illinois  Paper  Company,  Big  Island,  Virginia 

Mead  Corporation,  Lynchburg,  Virginia 


III.  PURPOSE  AND  SCOPE 

The  purpose  of  this  investigation  was  to  determine  the  need  for 
and  value  of  water  supply  and  water  quality  control  storage  in  the 
proposed  Hipes  Reservoir  on  Craig  Creek,  a tributary  to  the  Ja.mes 
River. 
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Water  needs  are  based  on  population  and  economic  projections  pre- 
pared by  the  National  Planning  Association,  Washincrton,  D.  C. , for 
the  Federal  Water  Pollution  Control  Administration,  Middle  Atlantic 
Region,  and  the  Department  of  the  Army,  Norfolk  District  of  the 
Corps  of  Engineers . ^ 

Responsibility  for  water  quedity  control  activities  was  transferred 
from  the  Department  of  health.  Education,  and  Welfare  to  the  Depart- 
ment of  the  Interior  by  ReorKanization  Plan  No.  2 of  1966,  effective 
May  10,  1966. 

The  scope  of  this  report  is  limited  to  the  main  stem  of  the  James 
from  the  confluence  of  Crai(?  Creek  to  and  includinK  the  upper  James 
Estuary  immediately  below  the  City  of  Richmond  (Figure  l).  Bene- 
fits to  water  quality  in  the  lower  James  Estuary  are  minimal  and 
are  not  included. 


IV.  SUMMARY  OF  FINDINGS 

Recent  developments  in  the  technolof^y  of  water  quality  and  hydro- 
logic  analysis  were  used  in  the  rapid  determination  of  accurate 
estimates  of  the  effects  of  flow  augmentation  on  water  quality  in 
the  James  River.  Water  quality  and  related  information  compiled 
by  the  Chesapeake  Field  Station,  FWPCA,  and  the  Virginia  Military 
Institute  for  a comprehensive  study  of  the  James  River  Basin  were 
used  to  verify  the  mathematical  model  of  the  River.  The  verified 
models  were  used  to  determine  the  specific  benefits  to  water  quality 
due  to  flow  releases  from  Hipes  Reservoir. 

Less  amenable  to  analysis  and  beyond  the  scope  of  the  request  are 
the  incidental  and  frequently  intangible  benefits.  The  serendipity 
is  evidenced  in  the  aesthetical,  recreational,  and  property  value 
enhancement  factors  which  should  also  bt  considered  in  evaluation 
of  the  findings  which  follow. 

1.  The  combined  population  of  the  two  major  areas,  Lynchburg  and 
Richmond,  within  the  range  of  the  project's  influence,  is  projected 
to  increase  from  ^70,000  in  I960  to  906,000  in  2020. 

2.  Using  i960  as  a base,  industrial  production  for  the  major  water- 
using and  waste-producing  industries  is  projected  to  have  an  average 
increase  of  300  percent  by  the  year  1990. 

3.  The  existing  and  potential  surface  and  ground  water  resources 
are  adequate  to  meet  the  current  and  projected  municipal  and  indus- 
trial water  supply  needs  that  are  within  the  range  of  influence  of 
the  project;  nence,  there  are  no  water  supply  oenefits  attributable 
to  the  project. 
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U.  The  approved  Corps  of  Engineers'  Gathright  Project  on  the  Jack- 
son  River  is  expected  to  meet  adequately  the  water  quality  control 
flow  requirements  of  the  James  Basin  until  1980,  assuming  a minimum 
of  secondary  treatment  (85  percent  removal  of  BOD)  of  elII  wastes 
downstream  through  Richmond. 

5.  After  I960,  water  quality  objectives  in  the  main  stem  of  the 
James  River  can  be  met  by  providing  secondary  treatment  of  all  down- 
stream wastes  and  128,000  acre-feet  of  water  quality  control  storage 
in  the  Hipes  Reservoir  Project.  The  cost  of  this  volume  of  storage 
in  a single-purpose  re|ervoir  at  the  Hipes  site  is  estimated  to  be 
11.21  million  dollars.  The  benefits  associated  with  this  storage 
would  be  equal  to  the  cost  of  the  least  costly  alternative  for 
maintaining  downstream  water  quality  objegtives.  These  benefits 
are  estimated  to  be  9.7^  million  dollars. 

6.  By  providing  higher  levels  of  waste  treatment  at  Lynchburg  euid 
Richmond,  the  storage  requirements  for  water  quality  control  in  the 
Basin  could  be  reduced.  The  provision  of  90  percent  BOD  removal 
from  the  wastes  at  Richmond  after  1993  would  reduce  the  required 
water  quality  control  storage  to  75,000  acre-feet.  The  Stonehouse 
Reservoir  Project  on  Catawba  Creek  would  be  the  least  costly  alter- 
native for  developing  this  volume  of  water  quality  control  storage. 
This  combination  of  storage  and  treatment  is  the  least  costly  alter- 
native for  meeting  the  water  quality  objective^  in  the  James  River 
and  is  estimated  to  cost  9.7^  million  dollars. 

7.  The  need  for  storage  for  water  quality  control  can  be  eliminated 
by  an  investment  of  5.^  million  dollars  in  advanced  waste  treatment 

n 

over  the  next  25  years,  or  15.7  million  dollars  over  the  next  50 
years,  using  present  technology. 


V.  PROJECT  DESCRIPTION 

As  part  of  the  Appalachia  Program,  the  Norfolk  District  Corps  of 
Engineers  has  added  the  Hipes  Reservoir  site  to  the  Gathright  site 
previously  authorized  for  investigation  of  storage  for  flow  augmen- 
tation as  a means  for  water  quality  control  downstream  in  the  James 
River. 

Gathright  is  a multiple-purpose  reservoir  on  the  Jackson  River  ap- 
proximately 19  miles  upstream  from  Covington,  Virginia,  and  will 
provide  60,700  acre-feet  of  storage  for  flood  control,  recreation, 
and  water  quality  control. 


« 


Present  worth  (1970) 


D-183 


r 


I 

I 

I 

1 

t 

I 


i 

I 


t 


I 

I 

I 

i 


t 


I 

I 

( 


Hipes  Reservoir  is  to  be  located  on  Craie  Creek,  with  the  dam  site 
lU.8  miles  upstream  from  its  confluence  with  the  James  River  at 
River  Mile  323. T (Figure  l). 

The  two  reaches  of  James  River  wnere  significant  potential  water 
supply  and/or  water  quality  benefits  exist  are  in  the  Lynchburg 
and  Richmond  areas.  Both  areas  are  at  appreciable  distances  down- 
stream from  the  Hipes  project  site.  Lynchburg  is  located  on  the 
eastern  edge  of  the  Blue  Ridge  Mountains  at  about  River  Mile  250 
on  the  James.  Richmond  is  situated  in  tne  Fall  Zone  below  which 
the  James  becomes  a tidal  estuary.  On  the  basis  of  present  knowl- 
edge, an  evaluation  of  benefits  of  the  project  to  these  two  areas 
is  considered  to  be  a good  approximation  of  tne  total  water  supply 
and  water  quality  control  benefits  attributable  to  the  project. 


VI.  WATER  SLT'PLY  AND  WATER  QUALITY  CONTROL  NEEDS 

Water  resource  management  plans  attempt  to  relate  the  demand  to 
the  availability  and  strive  to  assure  that  the  demands  are  met  with 
some  predictable  reliability.  The  demand  imposed  upon  the  water 
resources  of  a given  area  is  a function  of  the  socio-economic  and 
related  land  use  characteristics  of  the  area.  The  availability 
depends  on  the  hydrologic  characteristics  of  the  area. 

A.  The  Demands  of  the  Domestic  Environment 

1.  Population  Growth 


In  i960  the  James  River  Basin  had  a population  of  about 
l.T  million.  Lynchburg  and  Richmond,  the  two  locations  on  the 
James  where  benefits  from,  storage  at  hires  may  be  significant,  had 
a combined  total  population  of  5^^0,972.  Both  of  these  areas  are 
expected  to  increase  in  population  at  a faster  rate  than  the  Basin 
as  a whole.  Table  1 shows  the  projected  populations  of  the  Lynch- 
burg and  Richmond  areas  and  for  tae  .lames  River  as  a whole. 

2.  Municipal  Water  Supply 

The  municipally  owned  water  system  for  Lynchburg  uses  sur- 
face Water  from  an  impounding  reservoir  on  Pedlar  River  in  Amherst 
County.  This  reservoir  impounds  1,860  acre-feet,  and  the  drainage 
area  above  the  dam  is  33.2  square  miles.  In  addition,  the  City 
maintains  a pump  station  on  the  James  River  where  a supply  can  be 
obtained  during  emergencies  or  for  other  reasons.  The  water  is 
filtered  and  chlorinated  in  a plant  iiaving  a total  capacity  of  I5 
million  gallons  per  day.  Storage  for  filtered  water  is  provided 
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TABLE  1 


POPULATION  PROJECTIONS 


Year 

Lynchburg  Area^^^ 

Richmond  Area^^^ 

James  Basin 

I960,  j 

1965  ^ 

85,681 

383,371 

1,728,900 

95,000 

1*20,000 

1970 

107,000 

1*53,000 

1960 

1U3,000 

565,000 

1990 

193,000 

676,000 

2,835,200 

2000 

253,000 

7 51*,  000 

2010 

329,000 

827,000 

2020 

L20,000 

906,000 

1*, 1*05, 900 

See  Appendix  A for  area 

(2) 

Interpolated. 

definition. 

throuBihout  the  distribution  system  in  ten  reservoirs  with  a combined 
capacity  of  23,978,000  gallons.  The  present  daily  consumption  varies 
from  7.0  to  12.0  million  gallons  per  day . ^ About  80  percent  of  the 
area  population  is  served. 

The  municipally  owned  water  system  for  Richmond  obtains  water  from 
the  James  River  which  has  a drainage  area  of  b,757  square  miles 
above  the  intake.  The  water  is  chemically  treated,  filtered,  and 
chlorinated  in  a plant  with  rated  capacity  of  66  million  gallons 
per  day  and  maximum  capacity  of  80  million  gallons  per  day.  The 
present  daily  consumption  varies  from  30  to  50  million  gallons  per 
day.^  This  system  serves  about  80  percent  of  the  area  population, 
but  numerous  smaller  community  systems  in  the  area  served  by  munic- 
ipally owned  systems  raise  the  percentage  of  the  population  served 
to  about  93  percent. 

The  population  projections  constitute  the  base  upon  which  municipal 
water  needs  were  projected.  Figure  2 was  developed  from  a statis- 
tical evaluation  of  municipal  water  supply  systems  In  the  nation. 

From  these  graphs  the  per  capita  water  consumption  was  estimated. 

This  was  applied  to  the  increase  in  population  as  the  service  area 
expanded  to  obtain  an  estimate  of  the  average  municipal  water  supply 
requirements.  The  resulting  estimate,  therefore,  reflects  not  only 
the  increasing  per  capita  water  demands,  but  also  the  expected  in- 
crease in  percentage  of  population  served  by  municipal  systems. 

Table  2 summarizes  the  municipal  water  supply  needs  projected  for 
the  Lynchburg  and  Richmond  areas. 
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3.  Municipal  Waste  Loads 

The  City  of  LynchburR  provides  sewerage  and  a primary 
waste  treatment  plant  for  a design  population  of  70,000.  The 
plant  discharges  an  average  5-day  BOD  load  of  6,500  pounds  per 
day,  based  upon  1966  operating  records. 

The  City  of  Richmond  presently  provides  primary  treatment  for  70 
percent  of  its  sewered  wastes.  The  remaining  30  percent  discharges 
untreated  to  the  James  River  through  several  combined  sewers.  The 
City's  plans  call  for  completion  of  a secondary  waste  treatment 
plant  capable  of  handling  all  municipal  wastes  by  1971. 

For  planning  purposes , Lynchburg  waste  loads  were  projected  on  the 
basis  of  population  and  a per  capita  BOD-5  contribution  of  0.17/lb/ 
cap/ day.  The  waste  load  projections  for  Richmond  were  obtained  from 
consultant  reports.^  As  in  the  case  of  water  supply  projections, 
consideration  was  given  for  an  increasingly  larger  percentage  of 
the  area  population  to  be  served.  Table  3 shows  the  projected  mu- 
nicipal waste  production  at  Lynchburg  and  Richmond  through  the  year 
2020.  For  preparation  of  treatment  plant  design  estimates,  this 
50-year  outlook  has  been  divided  into  two  25-year  periods, 

B.  The  Impact  of  the  Industrial  Environment 

1.  Industrial  Growth 

Although  there  are  many  varieties  of  industry  represented 
along  the  James  River,  two  major  groups,  the  pulp  and  paper  and  the 
chemical  groups,  exert  the  greatest  demand  on  the  water  resources 
of  the  portion  of  the  river  that  would  be  influenced  significantly 
by  a reservoir  on  Craig  Creek.  Table  L shows  the  projected  in- 
crease in  industrial  production  for  these  manufacturing  groups 
within  the  geographical  areas  where  representative  companies  are 
presently  located.  The  production  indices  are  derived  from  pro- 
jected employment,  with  adjustments  made  to  account  for  expected 
changes  in  product  output  per  employee.^ 
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TABLE  h 

IHDUSTRIAL  GROWTH-PROJECTED 
INDICES  OF  PRODUCTION 


Index  of  Production, 


Type  of 

SIC^^^ 

i960  ■ 100 

Area 

Industry 

1970 

1980 

1990 

Big  Island 
(Bedford  Co.) 

Pulp  k Paper 

2631 

200 

200 

200 

Lynchburg 

Pulp  & Paper 

2631 

115 

98 

90 

Richmond 

Pulp  k Paper 

2621 

103 

80 

83 

Pulp  k Paper 

2631 

218 

35i* 

781 

Chemical 

2823 

168 

257 

337 

Standard  Industriad  Classification. 


2.  Industrial  Water  Supply 

In  the  Lynchburg  area  two  paper  companies  dominate  the  in- 
dustrisLl  water  supply  usage.  Owens-Illinois  Paper  Company  witndraws 
an  avereg^e  of  10.0  mgd  from  the  James  about  15  miles  upstream  from 
Lynchburg.  Mead  Corporation  withdraws  about  the  same  amount  from 
the  James  at  Lynchburg.  There  are  several  other  Industries  in  the 
Lynchburg  area,  many  of  which  utilize  public  supplies,  but  none  of 
which  imposes  a significemt  demand  on  the  water  resources  of  the 
area. 

Of  the  many  companies  located  in  the  Richmond  area,  only  four  are 
of  measurable  significance  with  respect  to  the  locale's  water 
resources.  Federeil  Paperboard  has  two  plants  that  utilize  a com- 
bined average  of  2.25  mgd;^Albermarle  Paper  Company  requires  about 
10.0  mgd  of  process  water;  Standard  Paper  Company  uses  5.5  mgd  of 
surface  water;  and  the  E.  I.  duPont  Company  (Spruance  Plant)  uses 
about  6.0  mgd  of  process  water  which  it  obtains  from  the  tidewater 
James . 

Cooling  water  requirements  for  such  purposes  as  power  production 
have  not  been  included  in  the  analysis  due  to  the  expected  influences 
of  proposed  stream  standards  on  thermal  discharges  and  possible  use 
of  cooling  towers. 


The  large  quantities  of  cooling  water  diversion  by  this  company 
have  not  been  considered  in  water  supply  projections. 
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Projected  industrial  water  supply  requirements  have  been  made  on 
the  basis  of  the  indices  of  output  listed  in  Table  U.  Water  require- 
ments were  considered  to  be  directly  proportional  to  production. 

There  is,  however,  a trend  on  the  part  of  larpe  water-using  indus- 
tries to  reduce  the  net  amount  of  water  needed  per  unit  of  product.^ 
Advances  in  production  technology  can  be  expected  to  result  in  even 
greater  recirculation  and  reuse  of  process  waters.  In  an  effort  to 
account  for  this  expected  attenuation  of  industrial  water  require- 
ments, water  supply  needs  for  industrial  purposes  were  considered 
to  level  off  at  the  1990  value.  Table  5 summarizes  the  industrial 
water  supply  needs  projected  for  the  appropriate  areas. 

TABLE  5 

PROJECTED  INDUSTRIAL  WATER  SUPPLY  NEEDS 


Average 

Process 

Water  Use 

in  .MOD 

Area 

19^7 

1980 

2000 

2020 

Big  Island 
(Bedford  Co.) 

2631 

10.0 

20.0 

20.0 

20.0 

Lynchburg 

2631 

10.0 

10.0 

9.0 

9.0 

Richmond 

2621 

6.2 

5.0 

5.2 

5.2 

2631(  ) 
982r  ^ 

2.3 

8.2 

18.0 

18.0 

7.0 

18.0 

2h.O 

2k. 0 

Standard  Industrial  Classification. 


The  major  representative  of  this  industrial  group  presently 
obtains  its  water  supply  from  the  tidewater  James. 


3.  Industrial  Waste  Production 

Table  6 shows  the  pertinent  waste  characteristics  of  the 
relevant  industrial  groups  discharging  to  the  James  River.  Both 
of  the  Lynchburg  area  paper  plants  utilize  waste  recovery  or  turn 
their  black  liiiuor,  and  thereby  reduce  their  potential  BOD  loads. 
Many  of  the  Richmond  area  plants  practice  some  form  of  pollution 
abatement  or  discharge  to  City  sewers. 

As  in  the  case  of  industrial  water  supply  needs,  the  amount  of 
waste  produced  per  unit  of  product  probably  will  tend  to  decrease 
in  the  future.  The  waste  loads,  therefore,  have  been  projectea  as 
a direct  proportion  to  product  output  through  1990,  with  leveling 
off  thereafter.  Table  o also  shows  the  projected  waste  loads  for 
the  chief  industrial  groups  having  a bearing  upon  this  report. 
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TABLE  6 


PROJECTED  INDUSTRIAL  WASTE 


1967 

1995 

2020 

Area 

SIC^^^ 

BOD- 5 
(lb/ day) 

Volume 

(mgd) 

BOD- 5 
(ib/day ) 

Volume 

(mgd) 

BOD- 5 
(Ib/day ) 

Volume 

(mgd) 

Big  Island 
(Bedford  Co.) 

2631 

15,000 

10.0 

30,000 

20.0 

30,000 

20.0 

Lynchburg 

2631 

21,000 

9.0 

19,000 

9.0 

19,000 

9.0 

Richmond 

2621 

1,000 

6.2 

800 

5.2 

800 

5.2 

2631 () 
2823^  ^ 

2,900 

2.3 

22,600 

18.0 

22,600 

18.0 

8,500 

7.0 

28,600 

2h.O 

28,000 

2L.0 

Standard  Industrial  Classification. 

( 2 ) 

The  major  representative  of  this  industrial  group  presently  discharges 
its  waste  to  the  tidewater  James  about  five  miles  below  the  Richmond 
sewage  treatment  plant. 


C.  Summary  of  Water  Supply  Requirements 

The  projectea  water  supply  demand  for  the  James  River  in  the  Lynch- 
burg and  Richmond  areas  does  not  exceed  the  corresponding  minimum 
unregulated  stream  flows.  The  completion  of  Gathright  Reservoir 
will  increase  the  reliability  of  the  James  to  meet  these  requirements. 
Table  T summarizes  the  municipal  and  industrial  (process  only)  needs. 

D.  Summary  of  Water  Quality  Control  Flow  Requirements 

Dissolved  oxygen  (DO)  is  the  water  quality  indicator  upon  which  the 
design  of  control  measures  has  been  based  for  this  study.  A minimum 
monthly  average  DO  concentration  of  5-0  mg/1  is  the  planning 
objective. 

There  are  presently  two  areas,  Lynchburg  and  Richmond,  on  the  James 
and  within  the  spnere  of  influence  of  a reservoir  on  Craig  Creek 
that  experience  recurrent  DO  problems.  Figure  3 exemplifies  the 
effect  of  waste  discharged  on  the  DO  of  the  River  in  these  two 
vicinities.  Although  the  provision  of  biological  treatment  would 
improve  the  existing  conditions,  the  projected  growth  and  resulting 
waste  loads  in  tnese  areas  may  require  that  control  devices  in  ad- 
dition to  conventional  waste  treatment  be  considered.  To  form  a 
basis  on  wnicn  to  plan  for  possible  water  quality  control  needs, 
the  50-year  period  ending  in  the  year  2020  has  been  divided  into 
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two  25-year  treatment  plant  design  periods.  The  river  discharge 
by  months  that  would  be  required  below  Lynchburg  and  Richmond  under 
conditions  at  the  present  and  at  the  end  of  each  of  the  25-year 
periods  is  shown  in  Tables  8 and  9 for  tnree  levels  of  waste 
treatment.  It  is  assumed  that  a stream  flow  regulation  program 
would  provide  the  minimum  natural  flow  on  a non-reimbursable  basis. 

The  waste  treatment  levels  considered  are  defined  as  follows: 

Level  I - Conventional  secondary  treatment  operated  at  an  effi- 
ciency of  85  percent  removal  of  5-day  BOB.  The  pro- 
vision of  tnis  level  or  its  equivalent  in  BOD  reduction 
is  considered  to  be  prerequisite  to  low  flow  augmentation. 

Level  II  - Ninety  percent  removal  of  the  5-day  BOD.  This  level 
will  result  in  a one-third  reduction  in  treated  waste 
load  discharges  and  can  be  achieved  by  design  modifica- 
tions of  conventional  biological  waste  treatment  plants. 

Level  III  - Ninety-five  percent  removal  of  the  5-day  BOB.  This 
level  of  treatment  can  be  achieved  by  conventional 
biological  treatment  in  combination  with  oxidation  ponds 
or  chemical  precipitation,  or  some  other  method  of 
aavanced  waste  treatment. 

The  cost  estimates  shown  in  the  Tables  for  each  treatment  level 
represen.,  the  annual  expenditures  at  the  beginning  and  end  of  the 
design  period  to  provioe  either  Level  II  or  III,  over  and  above  the 
annual  cost  of  Level  1.  uevei  I is  considered  to  be  a minimum 
level  when  considering  low  flow  augmentation  as  an  alternative  to 
treatment.  Costs  were  estimated  from  municipal  treatment  plant 
cost  data  compiled  and  analyzea  by  Frankel.^  Some  cost  data  m.ade 
available  by  industries  in  the  Basin  have  been  used  when  applicable. 
The  costs  Shown  incluae  total  annual  cost  of  operation,  maintenance, 
and  amortization  of  capital  at  three  and  one-eighth  percent  over 
25  years.  The  interest  rate  chosen  is  the  same  as  that  used  by  tne 
Corps  of  Engineers,  Norfolk  District,  for  reservoir  construction. 

The  stream  flow  requirements  necessary  to  assimilate  the  corres- 
ponding waste  loads  without  depleting  the  average  DO  below  5.0 
mg/1  were  computed  by  m.eans  of  digital  com.puter  simulation  models®’^ 
based  upon  the  Streeter-Pnelps  formulation  of  the  oxygen  sag  curve. 
This  formulation  mathematically  describes  the  interaction  of  the 
fundamental  physical  and  biological  systems  that  affect  DO.  For 
planning  purposes,  tne  mean  monthly  maximum  water  temperatures  were 
used . 

The  probability  at  which  the  natural  or  regulated  streeim  flows 
ai-e  expected  to  meet  the  required  stream  flow  is  a measure  of  the 
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WATER  QUALITY  CONTROL  FLOW  REQUIREMENT  TO  MAINTAIN  5.0  m«/l 
AVERAGE  DO  OBJECTIVE  IN  THE  JAMES  RIVER  AT  LYNCHBURG 
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uses  gage  on  the  James  River  at  Richmond  (adjusted  to  include  Kanawha  Canal  diversion). 
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reliability  of  the  system.  This  probability  is  computed  as  the 
number  of  successful  events  divided  by  the  total  number  of  events 
considered.  As  applied  to  the  monthly  stream  flow  requirements, 
an  event  consists  of  a routing  of  an  historical  monthly  averas;e 
stream  flow  throu>?h  the  river  system  and  comparins;  it  to  the  corres- 
ponding monthly  flow  requirement.  The  term  "reliability  factor" 
is  defined  as  the  probability,  as  discussed  above,  multiplied  by  100. 


Reliability  Factor  = 100  x 


fiumber  of  Successful  Months 

Total  iNumber  Months  in  Historic  Record 


Making  use  of  a high  speed  digital  computer  program  developed  by 
Fiering  and  Pisano,^®  37  years  of  nistorical  stream  flow  data  have 
been  routed  through  the  system,  and  reliability  factors  have  been 
computed  for  each  of  the  flow  requirement  vectors  shown  in  Tables 
8 and  9.  For  planning  purposes,  a reliability  factor  of  99.6  has 
been  chosen.  On  the  basis  of  montnly  flows,  tnis  represents  one 
unsuccessful  month  out  of  20  years.  As  was  stated  earlier,  it  is 
assumed  that  Gathright  Reservoir  will  be  operational  by  the  early 
1970's.  Hydrological  routings,  therefore,  have  been  made  with 
Gathright  operating  for  maximum  water  quality  control  benefit. 

Table  10  snows  the  operating  rules  assumed  for  Gathright  Reservoir. 


VII.  METHODS  OF  MlkTlHG  WATER  SUPPLY  AND  WATER  QUALITY  CONTROL 
NEEDS  AND  THEIR  ASSOCIATED  COSTS 

Probably  the  most  widespread  methods  for  meeting  specific  water 
quality  objectives  witn  respect  to  dissolved  oxygen  are  (1)  reduc- 
tion of  BOD  waste  loads  by  treatment  at  tne  source,  and  (2)  regula- 
tion of  stream  flow  vy  providing  reservoir  storage.  Other  methods, 
such  as  instreara  aeration,  waste  storage,  and  piping  of  waste  to 
bodies  of  water  having  a greater  assimilation  capacity,  do  not 
presently  appear  to  be  feasible  devices  for  pollution  control  in 
the  Lynchburg  and  Richmond  areas. 

This  analysis  is,  therefore,  limited  to  an  examination  of  storage 
and  treatment,  either  separately  or  in  combination,  as  a means  of 
meeting  the  water  quality  control  needs  of  the  portion  of  the  James 
River  witnin  the  scope  of  this  report.  From  an  examination  and 
cost  evaluation  of  many  possible  combinations  of  storage  and  treat- 
ment, a single  alternative  can  be  selected  from  which  the  need  for 
and  value  of  storage  in  a multi-purpose  reservoir  on  Craig  Creek 
can  be  estimated.  Table  11  defines  tne  pollution  control  alterna- 
tives that  have  been  considered  for  tnis  report.  The  treatment 
combinations  considered  include  all  possible  combinations  of  the 
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TABLE  11 

STORAGE  REQUIREMENTS  CORRESPONDING  TO  POSSIBLE 
COMBINATIONS  OF  TREATMENT  LEVEI£  AT 
LYNCHBURG  AND  RICHMOND 


Treatment 

Level 

Required  Storage 
(acre-feet) 

Lynchburg 

Richmond 

Design  Period  1970 

- 1995 

I 

I 

75,000 

I 

II 

27,000 

I 

III 

27,000 

II 

I 

75,000 

II 

II 

0 

II 

III 

0 

III 

I 

75,000 

III 

II 

0 

III 

III 

0 

Design  Period  1995 

- 2020 

I 

I 

128,000 

I 

II 

62,000 

I 

III 

62,000 

II 

I 

128,000 

II 

II 

27,000 

II 

III 

27,000 

III 

I 

126,000 

III 

II 

0 

III 

III 

0 
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three  treatment  levels  at  Lynchbur>j  and  Ricnmond.  The  amount  of 
reservoir  storage  that  is  required  to  meet  the  average  DO  objective 
of  5.0  mg/1  for  each  of  the  treatment  combinations  has  been  computed 
by  means  of  the  hydrological  simulation  model  developed  by  Fiering 
and  Pisano.**^  Appendix  B describes  the  procedure  for  computing 
storage. 

The  total  pollution  control  alternative,  therefore,  consists  of  a 
specified  treatment  level  at  Lynchburg  and  Richmond  in  conjunction 
with  a specific  storage  volume  for  stream  flow  regulation. 

Based  on  engineering  studies  conaucted  by  the  Norfolk  District  Corps 
of  Engineers,  the  least  costly  reservoir  for  develoning  water  qual- 
ity control  storage  in  the  study  area  is  the  Stonehouse  Reservoir 
Project  on  Catawba  CreeK  (D.A.  = 111  square  miles).  See  Figure  1. 
However,  due  to  hydrologic  limitations,  the  dependable  storeige  at 
this  site  cannot  be  developed  beyond  approximately  85,000  acre-feet. 
Therefore,  whenever  the  alternative  being  considered  to  meet  down- 
stream water  quality  demands  required  storage  in  excess  of  85,000 
acre-feet,  the  Stonehouse  Reservoir  Project  was  not  considered. 

For  alternatives  requiring  more  than  85,000  acre-feet  of  storage, 
it  was  assumed  that  the  entire  storage  requirement  would  be  devel- 
oped at  the  Hires  site,  the  next  least  costly  reservoir  site  avail- 
able for  developing  water  quality  storage.  Preliminary  economic 
studies  indicated  it  would  not  be  feasible  to  develop  both  the 
Storehouse  and  the  Hipes  Project  to  provide  storage  in  excess  of 
85,000  acre-feet.  The  total  costs  of  developing  water  quality 
control  storage  at  either  the  Hipes  Project  or  the  Stonehouse 
Project  are  shown  in  Table  12  and  Table  13. 

Since  the  benefit  of  storage  for  water  quality  control  is  genereilly 
evaluated  on  the  basis  of  a 50-year  period,  it  is  necessary  to 
select  the  long-range  alternative  first;  and  then  designate  the 
minimum  required  short-term  action  plan,  taking  fullest  advantage 
of  the  storage  computed  to  meet  the  long-range  needs.  By  so  doing, 
the  alternatives  listed  in  Table  11  can  be  reduced  to  the  six 
logical  50-year  pollution  control  alternatives  shown  with  their 
respective  costs  in  Table  13. 

Pollution  control  by  treatment  is  generally  designed  for  a 20-  to 
25-year  period  of  useful  life.  For  comparative  purposes,  tne 
alternatives  and  associated  costs  for  a 25-year  plan  are  given  in 
Table  12. 
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h of  storage  based  on  three  and  one-eighth  percent  interest  rate.  Operation  and 
cost  for  the  dam  and  appurtenances  was  amortized  based  on  the  design  study  period 


128,000  Acre-Feet  exceeds  what  is  considered  to  be  the  dependable  storage  at  the  Stonehouse  Reservoir 
Project. 
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VIII.  discussion  of  alternatives 

Alternatives  1 through  9 (see  Table  12)  are  designed  to  meet  the 
stream  DO  objective  through  the  year  1995.  These  alternatives  are 
included  for  comparison  purposes . It  is  presently  common  practice 
to  assume  a 50-year  design  period  for  storage  for  water  quality 
control.  There  are,  nowever,  some  advantages  to  short-range  plan- 
ning in  this  day  of  rapid  tecnnological  change.  Advances  in  waste 
treatment  technology  and  industrial  production  processes  could 
drastically  alter  the  water  requirements  and  waste  production  of 
the  future. 

Alternates  10  through  15  are  six  feasible  long-range  (50  years) 
water  quality  control  plans  from  which  the  need  for  and  value  of 
storage  can  be  evaluated.  Table  1**  provides  a subjective  evalua- 
tion of  these  six  alternatives.  Although  the  rating  of  secondary 
effects  is  admittedly  a somewhat  arbitrary  approach  to  making  a 
non-monetary  comparison  of  the  different  plans,  it  does  present  a 
method  of  acknowledging  and  considering  effects  that  might  not 
otherwise  be  included  in  the  evaluation. 

The  following  is  a short  description  of  each  of  the  six  50-year 
plans.  The  particularly  significant  secondary  effects  of  each  are 
also  briefly  commented  on. 

Alternate  10  is  what  can  be  considered  tne  minimum  acceptable  treat- 
ment level  in  combination  with  128,000  acre-feet  of  storage  for 
water  quality  control  at  the  Hipes  site.  Significant  secondary 
benefits  are  increased  low  flows  in  the  Fall  Zone  at  Ric.nmond  and 
maximum  performance  stability.  Since  this  alternative  requires 
the  minimum  treatment  and  maximum  storage,  it  is  the  least  consis- 
tent with  the  goal  of  complete  elimination  of  point-source  pollution. 

Alternate  11  is  the  least  costly  alternative,  and  the  storage  re- 
quirement is  reduced  by  about  percent  to  75,000  acre-feet.  This 
reduction  in  storage  is  the  result  of  the  application  of  t.he  secon- 
dary treatment  level  at  Richmond  beginning  in  1995  and  through  the 
year  2020.  The  secondary  benefits  of  this  alternative  are  essen- 
tially the  same  as  Alternate  10,  with  an  additional  slight  positive 
effect  in  the  area  of  eliminating  point-source  pollution. 

Alternate  12  calls  for  the  secondary  treatment  level  at  Richmond 
for  the  1970  through  1995  design  period  and  at  both  Richmond  and 
Lynchburg  for  the  1995  to  2020  design  period.  The  alternate  re- 
quires 27,000  acre-feet  of  storage  at  hipes  and  a total  cost  that 
is  insignificantly  more  expensive  than  tne  least  costly  plan.  In 
the  subjective  evaluation,  losses  with  respect  to  aesthetic  improve- 
ment for  the  Fall  Zone  at  Richmond  are  balanced  by  gains  in  the 
ability  to  take  advantage  of  technological  advances. 
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SUBJECTIVE  EVALUATION  OF  POLLUTION  CONTROL  ALTERNATIVES 
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3 Significant  effect 
1*  Very  significant  effect 
? Unknown  effect 
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Alternate  13  is  almost  one  emd  one-half  times  more  costly  than  the 
least  costly  alternate.  The  sharp  rise  in  cost  is  due  to  the  re- 
quirement of  treatment  level  III  which  involves  chemical  precipi- 
tation and  its  correspondingly  high  operating  costs . No  storage 
above  that  provided  by  the  Gathright  Project  is  required  in  this 
alternative.  The  95  percent  treatment  level  with  chemical  precipi- 
tation at  Lynchburg  would  have  the  secondary  benefit  of  significant 
color  and  nutrient  reduction. 

Alternate  1^  requires  the  third  level  of  treatment  at  Lynchburg  for 
botn  design  periods  and  the  second  level  of  treatment  at  Richmond 
for  both  design  periods.  No  flow  regulation  other  than  that  pro- 
vided by  Gathright  for  the  Covington  area  is  needed.  The  cost  is 
more  than  twice  that  of  the  least  costly  alternative,  and  the  secon- 
dary benefits  are  somewhat  higher  in  the  nutrient  and  color  removal 
categories  but  lower  in  performance  variability  and  dependable  flow 
in  the  Fall  Zone. 

Alternate  15  is  five  times  as  expensive  as  the  least  costly  alter- 
nate due  to  the  fact  that  the  highest  treatment  level  is  specified 
for  all  waste  contributors  in  the  Lynchburg  and  Richmond  areas  from 
1970  through  2020.  As  in  Alternates  13  and  iL,  no  storage  is 
required.  This  alternate  scores  highest  in  secondary  effects  with 
very  significant  positive  effects  on  nutrient  and  color  removal, 
ability  to  take  advantage  of  technological  advances,  and  consistency 
with  the  goal  of  complete  elimination  of  point-source  pollution. 


IX.  NEED  FOP  AND  VALUE  OF  STORAGE  IN  H1PE3  RESERVOIR  FOR  WATEP 
SUPPLY  AND  WATER  QUALITY  CONTROL 

The  projected  water  supply  demand  for  those  areas  within  the  sphere 
of  influence  of  Kipes  is  within  the  reliable  limits  of  the  natural 
unregulated  stream  flows.  Therefore,  no  benefits  for  water  supply 
can  be  assigned  to  the  project. 

Alternate  11  (see  Table  13)  is  the  least  costly  alternative  for 
maintaining  5.0  mg/1  average  DO  at  Lynchburg  and  Richmond,  with  a 
design  failure  no  greater  than  one  month  in  20  years.  This  eLLter- 
native  requires  conventional  waste  treatment  operated  at  85  percent 
BOD  removal  for  the  period  from  1970  through  1995,  with  an  increase 
to  90  percent  efficiency  at  Richmond  beginning  in  1995.  Also,  tnis 
alternative  would  require  75,000  acre-feet  of  water  quality  control 
storage  after  1980.  Storage  at  tne  Stonehouse  Reservoir  would  be 
the  least  costly  means  of  providing  this  volume  of  water  quality 
control  storfige.  The  total  cost  (present  worth  1970)  of  Alternate 
il,  including  storage  and  advanced  waste  treatment,  is  estimated 
to  be  9.7^  million  dollars. 
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The  water  quality  objectives  at  Lynchburg  and  Richmond  can  be 
maintained  adso  by  providing  128,000  acre-feet  of  low  flow  aug- 
mentation storage  in  the  Hipea  Reservoir  Project  (see  Alternate 
10,  Table  13).  The  benefits  to  be  derived  from  this  volume  of 
storage  would  be  equal  to  the  least  costly  alternative  for  main- 
taining the  desired  water  quality  objectives  in  the  Basin,  i.e., 
9.7^  million  dollars  (present  worth  1970). 

The  need  for  storage  over  and  above  that  to  be  provided  by  the 
Gathright  Project  is  not  expected  to  be  required  before  the  year 
1980.  It  is  recommended  that  the  need  for  and  value  of  storage 
for  water  supply  and  water  quality  control  be  re-evaluated  during 
the  final  design  phases  to  take  into  account  possible  technological 
advances  in  processes  as  well  as  improvements  in  the  methods  for 
computing  needs. 
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APPENDIX  A 

GEOGRAPHICAL  DEFINITION  OF 
LYNCHBURG  AND  RICHMOND  AREAS 

RICHMOND  AREA 

Richmond  City 

Brookland  District  (Henrico  County) 
Fairfield  District  (Henrico  County) 
Tuckahoe  District  (Henrico  County) 

Varina  District  (Henrico  County) 
Manchester  District  (Chesterfield  County) 
Midlothian  District  (Chesterfield  County) 
Dover  District  (Goochland  County) 

(and  other  districts  outside  basin) 

LYNCHBURG  AREA 

Lynchburg  City 

Elon  District  (Amherst  County) 

Brookville  District  (Campbell  County) 
Rustburg  District  (Campbell  County) 

(and  Forest  District,  Bedford  County) 
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APPENDIX  B 

METHODOLOGY  OF  HYDROLOGIC  ANALYSIS 


The  hydrological  analysis  for  storage  computations  has  been  facil- 
itated by  the  application  of  a computer  program  developed  by  Fiering 
and  Pisano. The  statistical  evaluation  of  the  flow  requirements 
was  based  upon  37  years  of  historic  stream  flow  records  using  the 
mean  monthly  stream  flows.  The  period  of  record  used  was  from  Octo- 
ber 1927  through  September  196U.  Figure  1-B  shows  the  system 
geometry  as  assumed  for  this  study.  Table  1-B  is  a list  of  the 
USGS  stream  gaging  stations  used,  and  Table  2-B  lists  the  pertinent 
geographical  locations  of  the  system.  Gage  number  6 was  created 
for  this  study  by  adding  the  flows  from  the  gage  on  Dunlap  Creek 
with  those  at  Falling  Spring  on  the  Jackson  River.  The  resulting 
record  was  considered  to  be  a reasonably  good  approximation  of  the 
flows  that  occur  at  Covington,  the  point  of  need  for  Gathright  water 
quality  control  storage. 

Figures  2-B  and  3-B  exemplify  the  method  of  handling  the  output 
from  the  program  to  determine  storage  requirements . By  routing 
the  historic  flows  through  the  system  with  various  sizes  of  storage 
in  Hipes  and  plotting  the  computed  failure  probabilities  versus 
storage,  the  storage  required  to  meet  the  desired  reliability  can 
be  picked  from  the  curve.  These  curves  were  developed  for  all  of 
the  alternatives  considered.  Only  the  curves  for  the  selected 
alternate  are  shown  as  an  example. 

In  the  historic  record  of  37  years,  two  months'  failure  would  exceed 
the  objective  reliability  factor  of  one  month  in  20  years.  However, 
based  on  observations  of  the  records  from  gages  for  which  a longer 
historic  trace  is  available,  it  was  concluded  that  for  the  limited 
record  used,  two  failures  (reliability  factor  - 99.6)  would  be 
accepted  for  design  purposes.  Future  studies,  perhaps  utilizing 
synthetically  generated  flow  references , are  recommended  to 
statistically  validate  this  Judgment  decision. 
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TABLE  1-B 

STREAM  GAGES  USED  IN  HYDROLOGIC 
ANALYSIS  OF  JAMES  RIVER  BASIN 


Gape 

No. 

Description 

Drainage  Area 
(square  miles) 

1 

Jackson  River  at  Fallinp  Spring 

1*09 

2 

James  River  at  Lick  Run 

1,369 

3 

James  River  at  Buchanan 

2,081* 

U 

James  River  at  Holcombs  Rock 

3,250 

5 

James  River  at  Bent  Creek 

3,671 

6 

Dunlap  Creek  plus  Falling  Spring  gage 

575 

7 

James  River  at  Casterville 

6,21*2 

8 

Cowpasture  River  near  Clifton  Forge 

1*56 

9 

Craig  Creek  at  Parr 

331 

10 

Dunlap  Creek  near  Covington 

166 

11 

Maury  River  at  Buena  Vista 

61*9 

TABLE  2-B 

DESCRIPTION  OF  COORDINATES  FOR  HYDROLOGIC  ANALYSIS 


Ga^e 


Location 

River 

Mile 

Drainage  Area 
(square  miles) 

Reference 

Gage^^l 

Adjustment 

Factors 

Jackson  River 

Gathright  dam  site 

1*3.5 

31*1* 

1 

0.81*11 

Jackson  River 

City  of  Covington 

23.5 

610 

6 

1.0000 

Craig  Creek 

Hipes  dam  site 

ll*.8 

327 

9 

1.0000 

James  River 

City  of  Lynchburg 

250.0 

3,250 

1* 

1.0000 

James  River 

City  of  Richmond 

100.0 

6,760 

7 

I.O816 

See  Table  1-B  for  fr&se  description. 
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FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 
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PER  CAPITA  MUNICIPAL  WATER  REQUIREMENTS 


PI6URE  I 


JAMES  RIVER 

AVERAGE  DISSOLVED  OXYGEN  FOR  SAMPLING  SURVEYS 
CONDUCTED  IN  JULY  AND/OR  AUGUST,  1966 


FIGURE  3 


MILES  ABOVE  MOUTH 


SIMPLIFIED  SKETCH  OF  GEOMETRY 

for 

HYDROLOGIC  ANALYSIS 


GATHRIGHT 
DAM  SITE 
(RMI.  43.5) 
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PIGURE  l-B 


RESERVOIR  STORAGE  IN  HIRES,  (ACRE-FEET) 


RESERVOIR  STORAGE 


PART  IV  - SOUTHEAST  REGION 


APPALACHIA  PROGRAM 


WATER  SUPPLY  AND  WATER  QUALITY  CONTROL  STUDY 
Curry  Creek  Project 


by 

U.  S.  Department  of  the  Interior 
Federal  Water  Pollution  Control  Administration 
Southeast  Region 
Atlanta,  Georgia 
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UNITED  STATES  GOVERNMENT 

Memorandum 

. Mr.  John  W.  Wakefield,  Director 
Comprehensive  Programs,  Southeast  Region 
Atlanta,  Georgia 

■ Chief,  Reservoir  Dynamics 
Southeast  Water  Laboratory,  Athens,  Georgia 


date:  September  21,  1967 


subject:  Evaluation  of  Water  Supply  and  Water  Quality  Control  Needs,  Curry  Creek 
Project,  Georgia 


I . The  Project 

The  proposed  Corps  of  Engineers'  reservoir  project  at  the  confluence  of 
Curry  Creek  and  the  North  Oconee  River  will  be  approximately  12  miles 
north  of  Athens,  Georgia.  All  portions  of  the  reservoir  will  be  located 
in  the  central  part  of  Jackson  County,  between  and  somewhat  south  of 
Jefferson  and  Commerce,  Georgia.  By  Corps'  standards  the  impoundment 
will  be  small,  less  than  6,000  acres  in  area  at  normal  pool. 

From  a water  supply  and/or  water  quality  control  standpoint,  there  are 
three  population  centers  which  could  be  benefited  by  the  project.  These 
are:  Jefferson,  Commerce,  and  Athens-Clarke  County. 

II . Water  Supply  Benefits 

Water  supply  needs  were  projected  for  the  areas  of  urban  influence  of 
Jefferson,  Commerce,  and  Athens.  In  Athens,  the  area  to  be  served  from 
a central  water  supply  system  was  assumed  to  be  all  of  Clarke  County  and 
portions  of  Jackson,  Madison,  Oglethorpe,  and  Oconee  Counties. 

Information  on  the  existing  water  systems  of  the  three  urban  centers  may 
be  detailed  as  follows: 


System 

Population 

Served 

Average 

Water  Production 
(mgd) 

Source 

Per  Capita 
Use 
(Rpd) 

Remarks 

Jefferson 

2,200 

0.50 

Curry  Creek 

230 

0.4  mgd  for 
industry. 

Commerce 

3,800 

0.75 

North  Oconee 
River  and 
Turkey  Creek 

195 

40%  for  Industry. 

Athens 

50,000 

6.03 

North  Oconee 
River  and  • 
Sandy  Creek 

120 

Two  poultry  plants 
only  large  indus- 
trial users. 

0-2:11 

Buy  U.S.  Savings  Bends  Regularly  an  the  Payroll  Savings  Plan 


r 


Each  of  the  above  systems  serve  persons  outside  their  respective 
municipal  boundaries.  There  are  no  other  large  water  users  In  the 
area  of  influence  of  the  project  with  independent  sources  of  supply. 

A.  Athens  Water  Supply  Needs 

By  the  year  2020,  the  Athens,  Georgia,  water  system  is  projected  to  serve 
all  of  the  130,000  population  projected  for  Clarke  County  plus  portions  of 
surrounding  counties.  Population  in  2020  to  be  served  outside  Clarke  County 
has  been  allocated  as  follows: 


County 

Percent  to  be  Served 

Population  Served 

Jackson 

10 

3071 

Madison 

10 

1474 

Oconee 

30 

3600 

Oglethorpe 

10 

800 

The  total  population  to  be  served  by  the  Athens  system  in  2020  is  139,000. 

At  present,  the  per  capita  water  use  is  120  gallons  per  day.  To  account 
for  projected  growth  of  water-using  industry,  this  figure  is  estimated  to 
Increase  to  175  gpcd  by  2020.  Total  water  demand  on  the  system,  then,  will 
be  24.3  mgd. 

The  dependable  supply  of  water  for  Athens  from  the  North  Oconee  River  and 
Sandy  Creek  is  approximately  17  mgd  (based  on  low  flow  of  record,  i.e.  1955 
drought).  By  2020,  upstream  development  is  assumed  to  reduce  this  dependable 
supply  to  15  mgd.  Thus,  an  additional  water  source  capable  of  yielding  some 
10  mgd  will  be  needed  to  supply  water  during  critical  streamflow  periods. 

i.n  order  to  evaluate  the  benefits  which  Athens  might  derive  from  water  supply 
storage  in  the  Curry  Creek  Reservoir,  the  least  cost  alternate  for  obtaining 
10  mgd  during  dry  weather  periods  was  estimated.  This  cost  was  assumed  equal 
t.c  the  benefits.  A number  of  alternatives  were  considered.  Included  were 

1)  development  of  groundwater  reserves  (rejected  for  lack  of  adequate  supply), 

2)  single-purpose  reservoirs  on  nearby  drainage  areas  (including  at  the 
proposed  Curry  Creek  site),  and  (3)  use  of  water  from  the  Middle  Oconee  River. 
The  latter  alternative  proved  to  be  the  least  costly,  and  because  the  low 
flow  of  record  on  the  Middle  Oconee  River  at  Athens  is  17  mgd,  the  river  would 
be  a dependable  water  supply  source. 
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The  total  capital  cost  to  develop  the  Middle  Oconee  source  would  include 
intake,  pump  station,  and  transmission  line  to  the  treatment  plant.  This 
cost  is  estimated  to  be  $464,000.  The  annual  equivalent  capital  cost 
discounted  from  the  time  first  needed  would  be  $7,200.  Annual  operation 
and  maintenance  costs  discounted  to  the  present  are  estimated  to  be  $800. 

The  total  annual  benefit  for  water  supply  storage  for  Athens,  then,  has 
been  estimated  to  be  $8,000. 

B.  Jefferson  Water  Supply  Needs 

At  present,  the  per  capita  water  consumption  in  Jefferson  is  a very  high 
230  gallons  per  day.  Water  supplied  for  industrial  use  at  Jefferson  Mills 
is  the  reason  for  this  high  per  capita  figure.  For  the  purpose  of  projection, 
it  is  assumed  that  the  230  gpcd  rate  will  remain  constant  — additional 
industry  is  not  expected  to  increase  this  rate. 

The  Jefferson  system  presently  serves  about  12  percent  of  the  Jackson  County 
population.  By  2020  it  is  expected  to  serve  15  percent.  The  total  water 
demand  will  be  1.1  mgd  (versus  the  present  0.5  ragd). 

An  analysis  of  the  dependable  supply  which  could  be  yielded  from  the  Curry 
Creek  watershed  above  the  present  water  intake  indicates  that  no  mor  than 
0.45  mgd  can  be  expected  during  extreme  dry  weather  periods.  By  202  then, 
an  additional  supply  of  up  to  0.7  mgd  would  be  needed  during  critica.  flow 
periods . 

Another  study  of  alternatives  was  made  to  evaluate  water  supply  storage 
benefits.  The  most  likely  alternates  were  (1)  development  of  single-purpose 
storage  impoundments,  or  (2)  use  of  water  from  nearby  Middle  Oconee  River. 
Again,  the  development  of  Intake,  pump  station,  and  transmission  line  from 
the  Middle  Oconee  River  proved  to  be  the  least  costly.  Total  capital  cost 
was  estimated  to  be  $137,000,  which  when  converted  to  annual  equivalent  cost 
and  discounted  was  determined  to  be  $3,000.  With  a discounted  operation  and 
maintenance  cost  of  $400,  the  total  water  supply  storage  benefits  for 
Jefferson  are  estimated  as  $3,400  per  year. 

C . Commerce  Water  Supply  Needs 

The  Commerce,  Georgia,  water  supply  system  now  serves  about  21  percent  of 
the  Jackson  County  population.  As  shown  previously,  the  per  capita  water 
use  is  a high  195  gallons  per  day  (40  percent  of  supply  for  industry) . If 
this  consumption  rate  is  maintained  through  the  year  2020,  and  if  25  percent 
of  the  projected  county  population  were  to  be  served  by  the  Commerce  water 
system,  a total  demand  of  1.5  mgd  would  result.  Since  the  present  source  of 
supply  is  capable  of  yielding  approximately  8 mgd  during  extreme  dry 
weather  periods,  however,  there  would  be  no  need  for  water  supply  storage 
in  Curry  Creek  Reservoir. 
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D.  Total  Annual  Water  Supply  Benefits 
For  the  Athens-Clarke  County  area;  $8,000 
For  the  Jefferson  area:  $3,400 


Total  benefits:  $11,400 


III . Water  Quality  Control  Benefits 

Water  quality  control  releases  from  the  Curry  Creek  Reservoir  would  be 
of  potential  benefit  only  to  the  Athens,  Georgia,  area.  At  present,  the 
municipal  and  industrial  waste  generated  in  Athens  enters  both  the 
Middle  and  North  Oconee  Rivers; 

Waste  Source 


Treatment  Plant  #1 
Treatment  Plant  #2 


No  other  major  wastes  sources  are  known  to  exist.  The  wastes  discharged 
from  the  two  municipal  treatment  plants  eventually  meet  at  the  confluence 
of  the  Middle  and  North  Oconee  Rivers,  approximately  four  miles  southeast 
of  Athens. 

With  85  percent  removal  of  5-day  biochemical  oxygen  demand  (BOD5) , the 
present  waste  load  entering  the  two  streams  is  1,440  Ib/day  BOD5.  By 
the  year  2020  this  load,  from  both  municipal  and  industrial  sources, 
is  expected  to  be  4,250  Ib/day  after  treatment.  Not  all  of  the  wastes 
generated  within  Clarke  County  will  be  treated  in  the  same  two  treatment 
plants.  Some  treated  effluents  will  enter  streams  which  could  not  and/or 
would  not  need  to  be  influenced  by  water  quality  releases  from  Curry 
Creek  Reservoir. 

An  analysis  of  flows  needed  to  protect  water  quality  in  the  North  Oconee 
and  Oconee  Rivers  below  Athens  was  made.  It  was  determined  that  a 
dissolved  oxygen  level  of  at  least  4 mg/1  was  the  most  critical  water 
quality  indicator  to  maintain.  Available  flows  from  the  North  and  Middle 
Oconee  Rivers,  even  at  the  7-day,  once  in  ten-year  minimum,  were  found 
to  be  adequate  to  maintain  4 mg/1  dissolved  oxygen.  Under  existing 
free-flowing  stream  conditions,  the  aeration  from  low  head  dams  now  in 
place  below  Athens  would  further  benefit  the  maintenance  of  a minimum 


Type  Treatment  Flow  (mgd)  Receiving  Stream 


Secondary 

Secondary 


3.8 

1.5 


N.  Ocoijee  River 


Middle  Oconee  Rivi 
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dissolved  oxygen  level.  If  the  stream  were  impounded  below  Athens 
by  2020,  which  is  very  probable,  acceptable  water  quality  should  still 
obtain. 


In  conclusion,  water  supply  storage  in  Curry  Creek  Reservoir  would  be 
of  benefit  by  the  year  2020,  but  there  would  not  be  a need  for  storage 
for  water  quality  control  purposes.  ^ /'  - 

/ , 1 /■iJ 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 

Southeast  Region,  Suite  300 
1421  Peachtree  Street,  N.E.,  Atlanta,  Georgia  30309 


June  12,  1968 


District  Engineer 

U.S.  Army  Engineer  District,  Mobile 

P.O.  Box  2288 

Mobile,  Alabama  36601 

Attention:  Mr.  B.J.  Christiansen 

Dear  Sir: 

Subject:  Report  on  Dalton,  Georgia,  Coosa  Navigation,  and  North 

River  Projects  in  accordance  with  Appalachia  Plan  of 
Survey  and  U.S.  Corps  requests. 

We  have  concluded  our  study  of  the  captioned  projects  and  submit  for 
your  use  in  the  current  Appalachia  study  the  following  abbreviated 
report . 

Dalton,  Georgia 

There  will  be  a need  for  water  in  the  Conasauga  Basin  in  the  area  of 
Dalton,  Georgia.  The  present  source  should  become  deficient  by  about 
1980.  Projected  municipal  and  Industrial  water  supply  needs  in  this 
area  are:  1980  - 29  mgd;  2000  - 64  mgd;  and  by  year  2020  - 137  mgd . 

Because  the  Conasauga  River,  which  serves  portions  of  four  counties 
in  Georgia,  has  very  limited  low  flows  during  extended  dry  periods, 
local  interest  presently  envisions  a complete  change  in  source  for 
future  supply.  As  a consequence,  any  Impoundment  or  impoundments  such 
as  proposed  by  the  U.S.  Corps  of  Engineers  on  the  Conasauga  River 
will  accrue  marked  benefits  for  water  stored  for  municipal  and 
industrial  purposes.  The  attached  Exhibit  II  displays  the  annual 
values  of  these  benefits. 

There  will  also  be  a water  quality  problem  in  the  Conasauga  River  below 
Dalton.  Degradation  of  water  quality,  to  the  point  of  not  being  accept- 
able for  warm  water  fish  and  many  other  beneficial  uses,  will  occur 
in  about  1980  despite  the  development  of  secondary  waste  treatment 
facilities  at  Dalton.  Storage  for  quality  maintenance  is  one  abvious 
solution  to  this  problem.  The  minimum  flow  needs  to  protect  water 
quality  through  year  2020  at  Dalton,  Georgia,  are  shown  on  Exhibit  I. 
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North  River  Project 

We  understand  from  a 6 October  discussion  with  Mr.  Reid  of  your  office 
that  the  North  River  Project  lost  local  support  and  has  been  dropped 
from  consideration  as  an  Appalachia  project.  We,  therefore,  have  no 
water  supply  or  quality  statement  to  make  concerning  this  project. 

Coosa  Navigation  Project 

The  only  comment  we  have  here  concerns  the  proposed  cutting  of  Mayo's 
Bar,  an  old,  unused,  partially  destroyed  lock  In  the  Coosa  River  just 
west  of  R . e,  Georgia.  We  discussed  this  problem  with  the  Georgia  State 
Water  Qual  ty  Control  Board  and  have  concluded  that  for  planning  purposes 
no  problems  are  foreseen  In  terms  of  water  quality  that  would  preclude 
the  removal  of  Mayo's  Bar.  This  conclusion  Is  drawn  from  observations 
of  existing  conditions  of  water  quality  above  and  below  the  bar,  together 
with  the  condition  of  the  bar  itself.  Should  this  project  receive  favor- 
able consideration  and  evolve  to  a final  planning  stage,  we  would  like 
to  make  a more  detailed  study  based  on  considerable  field  testing. 

We  believe  this  fulfills  all  detailed  requests  you  have  made  to  this 
data  concerning  the  Appalachia  survey.  If  you  have  further  questions, 
please  do  not  hesitate  to  call. 


Sincerely  yours. 


y John  W.  Wi 


Wakefield  ^ 

Director,  Comprehensive  Planning 
and  Programs 


Attachments  (2) 

cc:  Mr.  Fred  Wampler  w/attachments 
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Tennessee  Valley  Authority 
Knoxville,  Tennessee 


FRENCH  BROAD  RIVER  PROJECT,  NORTH  CAROLINA 
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SUMMARY  OF  WATER  QUALITY  AND  WATER  SUPPLY  PROVISIONS 
Tennessee  Valley  Authority 


As  a part  of  its  program  of  resource  development  for  the  Tennessee 
River  basin,  the  Tennessee  Valley  Authority  has  developed  a comprehensive 
plan  for  development  of  the  water  resources  of  the  upper  French  Broad 
River  basin  in  North  Carolina.  The  plan  for  multiple-purpose  develop- 
ment calls  for  a system  of  14  dams,  74  miles  of  channel  improvements, 
and  1.4  miles  of  levee  at  Asheville  as  shown  on  the  accompanying  map. 

The  system  would  provide  significant  flood  control  benefits,  as  well 
as  benefits  from  water  quality  control,  water  supply,  recreation, 
shoreline  development,  fishing,  and  area  redevelopment. 


Water  Quality  Control 

The  existing  industries  in  the  French  Broad  River  Basin  were 
attracted  to  the  area  partly  because  of  the  abundance  of  clean,  cc  d, 
clear  water  flowing  out  of  the  mountains.  As  the  industries  grew  and 
as  the  population  increased,  some  of  the  streams  became  polluted.  In 
some  stream  reaches  the  color  became  objectionable  and  the  dissolved 
oxygen  content  was  so  low  that  fish  could  not  survive.  In  such  stream 
reaches,  there  was  no  waste  assimilative  capacity  left  for  new  industries 
to  use.  Prior  to  the  installation  of  corrective  measures  consisting  of 
secondary  treatment  and  chlorination  as  required  by  the  North  Carolina 
water  pollution  control  regulatory  agency,  the  untreated  combined  indus- 
trial and  domestic  wastes  from  the  Asheville  area  (most  of  the  Metropo- 
litan Sewerage  District  of  Buncombe  County)  added  estimated  waste  loads 
to  the  French  Broad  and  its  tributaries  equivalent  to  that  of  199,000 
people . 

For  many  years,  the  main  stem  of  the  French  Broad  River  between 
Davidson  River  and  Mud  Creek  was  one  of  the  most  polluted  streams  in 
the  south.  One  large  industrial  plant,  prior  to  the  Installation  of 
pollution  abatement  measures,  discharged  untreated  waste  into  this 
reach  of  the  river  having  a high  color  and  an  estimated  biochemical 
oxygen  demand  equivalent  to  the  waste  load  from  a population  of  360,000 
people.  Under  those  conditions,  during  the  low  flow  months,  it  was  not 
uncommon  for  the  dissolved  oxygen  level  in  several  miles  of  the  river 
between  Davidson  River  and  Mud  Creek  to  be  below  4 milligrams  per  liter 
(mg/1),  dropping  to  zero  at  the  low  point  of  the  oxygen  sag.  The 
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industry  primarily  responsible  for  this  pollution  problem  has  now  made 
in-plant  changes  and  constructed  pollution  abatement  facilities  sub- 
stantially equivalent  to  secondary  treatment  in  compliance  with  the 
requirements  of  the  North  Carolina  water  pollution  control  regulatory 
agency  and  is  studying  the  need  for  additional  pollution  abatement 
facilities.  For  at  least  a few  years  following  the  construction  of 
these  and  the  other  pollution  pbitement  measures  constructed  or  pro- 
jected, the  minimum  dissolved  oxygen  level  in  the  French  Broad  River 
downstream  from  the  mouth  of  the  Davidson  River  (river  mile  190.6), 
during  periods  of  natural  low  flow,  would  be  about  4 mg/1.  However, 
as  time  passes  and  treated  waste  loads  increase  due  to  normal  indus- 
trial and  population  growth,  particularly  should  benchmark  goals  be 
reached,  dissolved  oxygen  concentrations  would  be  expected  to  recede 
to  lower  levels. 

In  order  to  maintain  the  desired  water  quality  level  below  the 
Davidson  River  for  projected  conditions,  streamflow  regulation  utilizing 
32,000  acre-feet  of  upstream  storage  will  be  required.  This  storage 
will  assure  a regulated  minimum  streamflow  of  315  cfs  and  a dissolved 
oxygen  level  of  at  least  4 mg/1  during  19  out  of  20  years.  This  level 
of  quality  is  necessary  to  maintain  fish  life  in  the  stream  and  to 
meet  TVA  water  quality  objectives. 

A second  phase  of  the  water  quality  control  problem  concerns  plant 
nutrients.  Existing  and  projected  instream  concentrations  of  nitrogen 
and  phosphorus  from  sewage  effluents  and  farm  drainage  must  be  reduced 
by  waste  treatment,  where  feasible*  and  by  streamflow  regulation  to 
help  avoid  nuisance-level  growths  of  benthic  weeds  in  the  French  Broad 
River  downstream  from  Asheville  and  of  algae  in  Douglas  Reservoir.  The 
aquatic  plant  growing  season  generally  is  May  through  September;  therefore, 
provisions  will  be  made  for  releasing  water  during  this  period.  With 
the  planned  reservoir  system  (including  those  headwater  reservoirs 
providing  storage  for  control  of  dissolved  oxygen  levels) , a streamflow 
of  1,000  cfs  can  be  maintained  during  the  summer  period  at  and  below 
Newport,  Tennessee,  (French  Broad  River  mile  77.5). 

Further  details  of  the  water  quality  aspects  of  the  water  resource 
development  plan  for  the  French  Broad  River  basin  in  North  Carolina  are 
contained  in  the  TVA  report,  "Streamflow  Regulation  for  Water  Quality 
Control,  Upper  French  Broad  River  Basin,"  August  1,  1967  (119  pages  plus 
appendixes) . 


Water  Supply 

Rainfall  in  the  upper  French  Broad  River  basin  is  generally  well 
distributed  throughout  the  year  with  averages  between  37  and  60  Inches 
over  most  of  the  area,  but  with  80  inches  annually  in  the  mountains 
bordering  the  southern  end  of  the  valley.  However,  periods  of  drought 
do  occur  from  time  to  time  which  place  limitations  on  present  water 
usage  and  future  water-oriented  growth.  At  present  the  majority  of  the 
municipal  systems  rely  upon  surface  water  sources,  although  some  small 
syatsms  are  supplied  from  ground  water  sources. 

D-220 


The  water-using  industries  in  the  basin  are  presently  concentrated 
around  tt)e  Asheville  area.  Generally,  the  large  water  users  have  pro- 
vided their  own  supplies,  and  the  small  users  have  connected  to  municipal 
systems.  The  average  daily  use  varies  with  different  industries.  For 
example,  the  American  Enka  Corporation  uses  18  mgd  and  Sayles  Biltmore 
Bleachery  uses  5 mgd.  Use  by  other  industries  varies  considerably, 
giving  a 4-county  total  usage  of  approximately  45  mgd. 

It  is  expected  that  future  def icifencies  in  water  supply  will 
center  largely  in  the  Asheville-Hendersonville  area,  the  expanding  indus- 
trial corridor  between  the  two  cities,  and  in  individual  industrial 
complexes  elsewhere  in  the  basin.  With  the  increase  in  use  of  modern 
conveniences,  and  allowing  for  light-industry  growth,  a water  use  rate 
of  200  gallons  per  capita  per  day  for  the  year  2070  is  judged  to  be  a 
conservative  figure  for  the  area.  Using  this  rate  and  the  projected 
Asheville-Hendersonville  water  user  population  for  2070,  the  municipal 
demands  are  estimated  to  be  76.7  mgd,  or  85,900  acre-feet  annually.  This 
alone  is  11,500  acre-feet  more  than  the  current  yield  of  the  existing 
supply  for  this  area.  The  overall  plan  of  development  is  designed  to 
provide  for  this  shortage  in  municipal  supply,  and  to  provide  additional 
storages  amounting  to  13,000  acre-feet  for  potential  industrial  usage  in 
the  upper  French  Broad  River  basin  area. 
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UNITED  STATES 
DEPARTMENT  OP  THE  INTERIOR 
OFFICE  OF  THE  SECRETARY 
WASHINGTON,  D.C.  20240 


December  23,  1967 


Dear  Mr.  Ctaalrman: 

My  report  on  the  potential  iiqpact  on  water  quality  of  water 
resource  development  projects  proposed  by  the  Tennessee  Valley 
Authority  in  the  Upper  French  Broaui  River  Basin,  North  Carolina, 
is  enclosed.  This  report  has  been  prepared  in  accordance  with 
Section  6 of  Executive  Order  11288. 

The  projects  proposed  by  the  Tennessee  Valley  Authority  premise 
a positive  contribution  to  water  quality  management  in  this  area. 

As  a related  matter,  I would  like  to  point  out  that  the  Federal 
Water  Pollution  Control  Administration  is  modifying  its  procedures 
for  evaluating  benefits  from  water  quality  management  storage  and 
release,  as  described  in  my  letter  of  June  16,  1967,  to  the  Water 
Resources  Council.  Now  benefit  aneLLysis  and  cost  allocation 
procedures  have  been  instituted  in  this  Department  and  I have 
recoBmended  their  adoption  by  the  other  water  resoxrrce  agencies . 
For  the  French  Broad  River  Basin  development  this  would  involve: 

1.  Appraisal  directly,  rather  than  by  least-cost 
alternative  procedures,  of  the  value  of  the 
benefits  to  water  use  of  ij^roved  quality  re- 
sulting from  inclusion  of  storage  for  water 
quality  management  or  other  project  purposes ; 

2.  Provision  for  participation  by  non-Federal 
agencies  in  the  costs  of  water  quality 
management  storage  in  accordance  with  cost- 
sharing procedures  appropriate  to  each  use. 

We  have  appreciated  this  opportunity  to  Msist  your  agency  and 
have  enjoyed  a most  cooperative  relationship  with  your  staff. 

Sincerely  yours. 


Secretary  of  the  Interior 

Honorable  Aubrey  J.  Wagner 
Chairman,  Tennessee  Valley  Authority 
Washington,  D.C.  20444 

Enclosure 
cc:  Secy.  Files 

Secy.  Reading  Files 
Asst . Sec . for  WPG 
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Washington,  D.C. 
December  196? 


POIEMTIAL  J>1PACT  0«  WATER  QUALITY  OF 


THE  PROPOSED  WATER  RESOURCES  DEVELOPKENT  PROJECT 
IN  THE  UPPER  FRENCH  BROAD  RIVER  BASIM,  NORTH  CAROLINA 


In  accord  with  the  requirements  of  Section  6,  Executive  Order  11288, 
this  report  reviews  the  potential  inpact  on  water  quality  of  plans 
for  development  of  the  water  resources  in  the  Upper  French  Broad  River 
Basin,  North  Carolina,  eis  proposed  by  the  Tennessee  Valley  Authority 
in  the  following  documents : 

1.  Development  of  the  Water  Resources  of  the  French  Broad 
River  Basin  in  North  Carolina,  Condensed  Planning  Report 
No.  60-100  (TVA,  September  I966) . 

2 . Development  of  the  Water  Resources  of  the  French  Broad 
River  Basin  in  North  Carolina,  Supplement  to  Project 
Planning  Report  No.  6O-IOO  (TVA,  September  I967). 

3.  Streamflow  Regulation  for  Water  Quality  Control,  Upper 
French  Bro€id  River  Basin  (TVA,  August  1,  I967). 


PROPOSED  PLAN 

Tl*.e  proposed  plan  provides  for  14  dans  smd  reservoirs,  jh  miles  of 
channel  improvement  and  1.4  miles  of  levees  to  serve  the  purposes 
of  flood  control,  water  supply,  recreation,  and  water  quality 
management.  Provision  is  made  for  76,900  acre-feet  of  storage  in 
10  of  the  14  proposed  reservoirs  for  water  to  be  used  in  water 
quality  management . 


AREA 


The  population  of  the  French  Broad  River  Basin  is  projected  to  reach 
about  410,000  by  2020  and  360,000  by  2070.  Based  on  the  location  of 
the  area,  the  nature  of  the  labor  force,  the  natural  resources  avail- 
able, and  the  continued  expansion  of  the  national  economy,  manufacturing 
activity  and  employment  in  the  pulp  and  paper,  synthetic  fibers, 
canning,  and  textile  industries  is  expected  to  increase.  The  tourist 
and  recreational  trade  is  also  a fast  growing  segment  in  the  economy 
of  the  area.  For  this  reason,  esphasis  on  maintenance  and  enhance- 
ment of  water  quality  in  this  area  at  levels  consistent  with  anticipated 
recreational  use  is  considered  reasonable. 
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WATER  QUALITY  STAKDARDS 

North  Carolina  filed  its  water  quality  standards  and  plan  of 
in^jlementation  for  interstate  waters,  which  includes  the  French 
Broad  River,  in  Jiaie  I967,  in  canpliance  with  the  Water  Quality  Act 
of  1965.  These  standards  are  still  under  negotiation  between  the 
State  and  Federal  Water  Pollution  Control  Administration.  It  is 
anticipated  that  the  remaining  questions  will  soon  be  settled  and 
that  approval  can  be  expected  in  the  early  part  of  I968 . The  water 
quality  steindards  used  by  the  Tennessee  Valley  Authority  to  prepare 
this  plan  are  higher  than  those  proposed  by  North  Carolina  and  pro- 
vide for  enhancement  of  water  quality  to  a DO  level  of  mg/l- 
Maintenance  of  a DO  of  at  least  4 mg/l  is  considered  reasonable  and 
desirable  considering  the  potential  recreational  use  of  the  French 
Broad  River. 


IMPACT  ON  WATER  QUALITY 

French  Broad  River.  Storage  and  controlled  release  of  water  from 
the  proposed  projects , in  combination  with  well-operated  secondary 
treatment,  is  expected  to  maintain  acceptable  dissolved  oxygen 
level  over  70  miles  of  the  French  Broad  River  over  the  project  de- 
sign period.  We  agree  with  the  use  of  90  percent  BOD  removaiL  for 
well-operated  secondary  waste  treatment  plants  as  a basis  for  con- 
sideration of  water  quality  management  storage . The  storage  provided 
spears  sufficient  to  prevent  oxygen  demanding  materials  in  the 
effluents  from  treatment  plants  and  other  sources  from  reducing  the 
dissolved  oxygen  level  below  4 mg/l  during  critical  streamflow  and 
high  temperature  conditions  in  the  foreseeable  future. 

Maintenance  of  higher  sustained  flows  in  the  French  Broad  River  will 
also  reduce  the  concentration  of  nutrients  in  the  river  and  in  the 
headwaters  of  Douglas  Reservoir.  Excessive  concentrations  of  plant 
nutrients  from  municipal  and  industrial  sources  may  stimulate  obnox- 
ious algae  blooms  and  nuisance  growths  of  eiquatic  weeds  even  after 
secondary  treatment . Proper  use  of  water  quality  control  releases 
can  assist  in  controlling  the  effects  of  nutrients  but  is  not 
expected  to  prevent  problems  without  provision  of  treatment  to  remove 
nutrients . 

Advanced  waste  treatment  being  developed  by  this  Depeurtment  could 
control  the  effects  of  waste  discharges  on  the  French  Broad  River. 

While  more  expensive  than  flow  regulation  in  the  French  Broad  River 
Basin  at  this  time,  it  is  anticipated  that  costs  will  be  progressively 
reduced  and  that  increased  consideration  will  need  to  be  given  to 
advanced  waste  treatment,  psirticularly  for  nutrient  removal,  as  the 
next  logical  step  in  the  management  of  water  quaility  in  the  project  area. 
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Proposed  Reservoirs . Trout  fishing  is  an  li^>ortant  recreational  use 
of  the  Upper  French  Broad  River  and  its  tributaries.  The  Tennessee 
Valley  Authority  project  report  Indicates  that  of  the  200  miles  of 
streams  stocked  in  1966,  11  miles  will  be  replaced  by  impoundments  in 
the  proposed  plan.  Trout  fishing  is  expected  to  be  available  in  four 
of  the  fourteen  proposed  reservoirs . Fishing  opportunities  should  be 
enhanced  by  the  addition  of  6,700  acres  of  lake  surface  and  183  miles 
of  shoreline. 

Trout  require  cool  water  with  a high  dissolved  oxygen  content . Thus 
it  is  isportant  to  maintain  a water  quality  to  meet  these  needs  in 
the  reservoirs  and  in  the  releases  downstream  from  the  proposed 
reservoirs . Discharge  of  the  stored  water  frcm  the  hypolimnion  as 
proposed  could  strengthen  the  resistance  to  mixing.  This  may  lower 
the  hypolimnion  DO  level,  increase  surface  water  temperatures,  and 
encourage  the  growth  of  waum  water  fish  that  would  con^jete  with  the 
trout  in  the  reservoirs  and  in  the  streams  flowing  into  the  reservoirs  . 
Onmission  of  multiple -level  outlets  in  the  Tennessee  Valley  Authority 
design  because  of  operational  problems  will  reduce  the  operational 
flexibility  to  maintain  water  quality  at  the  project. 


CONTROL  OF  POLLUTION  AT  PROJECTS 

Recreational  facilities  and  areas  associated  with  the  proposed  reservoir 
projects  should  be  given  special  attention  to  prevent  pollution . 

Waste  frcBi  comfort  stations  at  the  parks,  playgrounds  and  picnic  areas 
should  meet  all  local.  State,  and  Federal  standards  for  waste  disposal. 
Particular  attention  should  be  given  to  the  disposal  of  wastes  so  as 
to  minimize  their  contribution  to  the  eutrophication  of  the  waters  in 
the  proposed  reservoirs . Review  of  plans  for  recreational  facilities 
{IE  provided  in  Executive  Order  11288  should  be  undertaken  at  the 
earliest  practical  time . 

Special  precautions  should  be  taken  to  prevent  pollution  during  the 
construction  of  the  individual  projects.  Storage  facilities  for  oils, 
greases,  fuels  or  other  similar  materials  capable  of  causing  water 
pollution  should  be  located  to  minimize  the  hazards  to  water  pollu- 
tion which  might  result  from  spills . Sanitary  facilities  should  be 
provided  for  the  construction  personnel.  Construction  practices 
should  be  used  that  minimize  silt  pollution  of  waters  at  the  con- 
struction site  as  well  as  at  the  borrow  areas  for  the  construction 
materials . 


RECXMffiNDATIOWS 

1.  The  nutrient  levels  in  the  French  Broad  River,  even  with 
flow  regulation,  iqppear  to  be  high  and  eutrophication 
remains  a possibility.  Provision  of  storage  and  the  regu- 
lation of  flow  for  the  maintenance  of  water  quality  is 
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considered  sv^plementcury  to  treataent.  We  believe  that 
treatnent  to  remove  nutrients  at  the  source  will  be 
needed  as  a step  in  a flexible  water  quality  management 
program  for  the  Upper  French  Broad  River,  to  be  realized 
after  the  program  contenqplated  in  the  present  Tennessee 
Valley  Authority  report.  It  is  reccmmended  that  water 
quality  conditions  and  available  waste  treatment  facilities 
and  costs  be  reviewed  periodically  with  appropriate 
State  and  local  authorities  so  that  provisions  can  be 
made  for  additional  treatment  and  for  adjustment  of 
operating  schedules  for  basin  reservoirs  so  as  to  make 
maximum  contributions  to  the  water  quality  standards 
upon  which  the  Tennessee  Valley  Authority  report  is 
based. 

2.  It  is  reconmended  the  proposed  reservoirs  be  cleared 
of  all  matter  that  would  result  in  profundal  pollution 
that  could  adversely  itffect  the  quality  of  water  re- 
leased. Trees  and  undergrowth  should  be  cleared  from 
the  area  to  be  inundated.  Provision  should  also  be 
made  for  any  unusual  pollution  sources  such  as  solid 
waste  disposal  sites,  chemical  deposit  sites,  and 
sanitary  liuid  fills . 

3.  As  recreation  areas  associated  with  the  reservoir 
projects  are  developed  in  the  future,  the  plans  for 
the  proposed  sanitary  facilities  should  be  submitted 
to  the  Federal  Water  Pollution  Control  Administration 
Southeast  Region  for  review . This  should  be  acccm- 
pllshed  at  the  earliest  feasible  stage  of  plan 
development . 

4.  It  is  reconmended  that  measures  be  taken  to  prevent  pollu- 
tion of  surface  and  underground  waters  during  construction 
of  the  projects . 

5.  Efficient  operation  of  the  proposed  system  of  l4  dams 
and  reservoirs  to  control  and  abate  the  effects  of 
residual  oxygen-demanding  and  plant-nutrient  wastes  will 
require  information  on  the  quality  of  the  water  in  and 
below  the  proposed  projects.  For  this  reason,  it  is 
reconmiended  that  a program  for  regular  collection  of 
necessary  water  quality  data  be  made  a part  of  this 
project.  As  data  becomes  available,  ccmparison  should 
be  made  with  the  design  parameters  and  adjustments  made 
to  obtain  maximum  water  quality  improvement  under  the 
prevailing  conditions  consistent  with  the  project  goals . 

The  findings  would  be  very  helpful  in  appraising  future 
water  resource  development  projects . 
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6.  Multiple  level  outlets  would  penait  flexibility  in 

■anageaent  of  tesqperature , dissolved  oxygen,  and  other 
quality  factors  within  and  below  the  projects . It  is 
reccanended  that  further  consideration  be  given  to  pro- 
vision for  multiple  level  release  or  for  later  addition 
of  such  facilities  if  observations  of  water  quality 
indicates  their  desirability. 
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PLAN  OF  DEVELOPMENT 

FOR  THE  FRENCH  BROAD  RIVER  BASIN  IN  NORTH  CAROLINA 


POTENTIAL  IMPACT  ON  WATER  QUALITY  OF  PROPOSED 
YELLOW  CREEK  PORT  PROJECT 
TENNESSEE  RIVER  BASIN,  MISSISSIPPI 


Southeast  Region 

Federal  Water  pollution  Control  Administration 
U,S.  Department  of  the  Interior 


December  1968 


POTENTIAL  IMPACT  ON  WATER  QUALITY  OF  PROPOSED 
YELLOW  CREEK  PORT  PROJECT 
TENNESSEE  RIVER  BASIN,  MISSISSIPPI 


The  proposed  port  project  would  provide  a terminal  facility  to  store, 
load,  and  unload  bulk  cargo  from  barges  of  the  type  used  in  inland-river 
navigation  and  sites  for  future  industrial  plants  with  convenient  access 
to  the  port  terminal,  to  railroads,  and  to  highways.  The  location  of  the 
proposed  port  is  on  Yellow  Creek  Embayment  about  three  miles  above  its 
junction  with  the  Tennessee  River  in  Tishomigo  County,  Mississippi. 

The  Tennessee  River  is  impounded  by  Pickwick  Landing  Dam  downstream 
of  Yellow  Creek  Embayment.  Under  existing  flow  conditions  there  is  a 
slow  movement  of  Yellow  Creek  water  through  the  embayment  into  Pickwick 
Lake.  Dry  weather  flow  in  Yellow  Creek  near  Burnsville,  Mississippi,  has 
been  recorded  at  less  than  5-0  cfs.  The  T-day,  10-year  minimvim  flow  of 
the  Tennessee  River  at  Savannah,  Tennessee,  below  Pickwick  Dam  for  the 
period  of  record  is  computed  to  be  17,500  cfs. 

Pending  water  resource  development  in  this  area  includes  the  already 
authorized  and  presently  being  designed,  Tennessee-Tombigbee  Waterway 
Navigation  Project.  This  major  inland- waterway  development  will  provide 
the  connecting  link  between  the  Tennessee  River  navigable  waterway  and 
the  Lower  Tombigbee  River  navigable  waterway.  The  authorized  project 
provides  for  a canal  from  Pickwick  Reservoir  through  the  divide  between 
the  Yellow  Creek  drainage  basin  and  the  drainage  basin  of  the  East  Fork, 
Tombigbee  River.  The  water  level  in  the  Yellow  Creek  canal  will  be 
that  of  Pickwick  Reservoir  through  the  divide  to  a 8U  foot  (normal  pool 
elevation)  lock  and  dam  on  East  Fork,  Tombigbee  River  near  Bay  Springs, 
Mississippi . 

Assuming  reasonably  heavy  navigation  traffic,  the  discharge  of 
water  to  operate  the  Bay  Springs  lock,  having  nominal  dimensions  of  110 
feet  by  600  feet,  will  cause  flow  of  undetermined  magnitude  from 
Pickwick  Reservoir  into  the  headwaters  of  the  Tombigbee  River.  During 
periods  of  light  use  the  canal  through  the  divide  should  have  practically 
no  movement. 

The  industrial  development  anticipated  to  result  from  the  construc- 
tion of  rail,  highway,  and  water  transportation  facilities  in  connection 
with  the  proposed  port  will  probably  include  a substantial  number  of 
workers  and  a number  of  heavy  water-use  industries  with  resultant  liquid 
wastes  to  be  treated  and  discharged.  The  waters  of  Yellow  Creek  presently 
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are  of  high  quality  and  the  discharge  of  even  highly  treated  effluent 
will  result  in  some  degradation.  Further,  the  impounded  embayment  is 
relatively  clear  and  any  discharge  of  nutrients  will  stimulate  the 
growth  of  algae  and  other  aquatic  vegetation. 

It  is  apparent  therefore  that  the  discharge  of  normally  treated 
industrial  wastes  and  sewage  into  Yellow  Creek  should  be  restricted  or 
prevented.  The  alternatives  are  to  discharge  normally  treated  effluents 
into  the  Tennessee  River,  thus  taking  advantage  of  the  much  greater 
minimum  flows  and  constantly  moving  waters  through  Pickwick  Reservoir, 
or  to  provide  advanced  waste  treatment  to  reduce  polluting  constituents 
essentially  to  background  levels. 

An  economic  analysis  to  determine  the  least  costly  alternative  to 
accomplish  adequate  water  quality  management  can  only  be  made  after  it 
is  known  what  types  of  industrial  processes  are  involved  and  their 
approximate  output.  Since  these  facts  will  be  fully  known  only  after 
the  area  is  fully  developed  the  more  flexible  plan  to  collect  treated 
effluent  for  discharge  into  Pickwick  Reservoir  appears  to  be  the 
preferable  alternative. 

The  proposed  port  and  the  projected  industrial  sites  are  located 
two  to  five  miles  from  Pickwick  Reservoir.  It  is  recommended  that  in 
planning  the  port  facility  provision  should  be  made  for  utility  ease- 
ments or  rights-of-way  in  which  a waste  collection  system  and  a central 
pumping  facility  and  forcemain  can  be  installed  to  discharge  treated 
effluent  to  Pickwick  Reservoir.  Space  should  also  be  available  for 
treatment  works  in  the  event  that  it  should  become  desirable  to  substi- 
tute public  treatment  works  for  individual  works  for  each  industry. 

If  public  facilities  are  to  be  utilized  a public  agency  with 
adequate  authority  must  be  responsible  for  planning,  financing,  construc- 
ing  and  operating  the  desired  works.  This  could  be  achieved  by  an  act 
of  the  Mississippi  Legislature  creating  a special  district  for  this 
purpose  or  one  of  several  existing  agencies  could  be  employed.  These 
include; 

The  Board  of  Supervisors,  Tisomigo  Coutny,  Mississippi 

The  Tombigbee  River  Valley  Water  Management  District 

The  Yellow  Creek  Watershed  Authority 

The  Board  of  Supervisors,  Tishomigo  County,  Mississippi  and  the  Tombigbee 
River  Valley  Water  Management  District  have  the  ability  to  assess  taxes 
on  the  property  in  their  respective  areas  of  responsibility  and  to  issue 
bonds  supported  thereby.  The  Yellow  Creek  Watershed  Authority  would 
have  to  seek  a legislative  act  empowering  them  to  levy  taxes  if  they 
are  to  undertake  such  a project. 
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These  comments  are  applicable  to  the  proposal  to  develop  the  port 
under  the  existing  conditions  of  water  management,  i.e.,  with  Yellow 
Creek  flowing  into  the  Tennessee  River  and  are  even  more  applicable  to 
conditions  that  will  prevail  after  the  Tennessee-Tombigbee  Waterway  is 
developed.  Under  these  later  conditions  the  needs  for  water  quality 
management  become  of  critical  importance,  Although  there  has  been  no 
appropriation  for  starting  construction  on  the  waterway  project,  the 
flow  characteristics  which  will  develop  when  the  waterway  project  is 
operative  should  govern  planning  for  water  quality  management. 
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APPALACHIA  PROGRAM 


WATER  SUPPLY  AND  WATER  QUALITY  CONTROL  NEEDS 
CONEMAUGH  RIVER  BASIN 
PENNSYLVANIA 


prepared  for 


U.  S.  DEPARTMENT  OF  THE  ARMY 
CORPS  OF  ENGINEERS-APPALACHIA  STUDY 
U.  S.  ARMY  ENGINEER  DISTRICT 
PITTSBURGH,  PENNSYLVANIA 


by 


U.  S.  DEPARTMENT  OF  THE  INTERIOR 
FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 
OHIO  BASIN  REGION 
WHEELnrO  FIELD  STATION 


November  L967 


APPALACHIAN  REGION  WATER  RESOURCES 
DEVELOPMENT  PROGRAM 


Conanau^  River  Basin 
Pennsylvania 

Framework  Report  for  Water  Supply 
and 

Water  Quality  Control 

Request  and  Authority 

In  a letter  dated  March  3,  the  Pittsburgh  District,  U.  S. 

Army  Corps  of  Engineers,  requested  the  Federal  Water  Pollution  Control 
Administration,  Wheeling  Field  Station,  Ohio  River  Basin  Project,  to 
prepare  a generalized  framework  report  on  the  Conemaugh  River  basin. 

(See  drainage  area  map.  ) The  Conemau^  is  a potential  water  develop- 
ment area  In  the  Appalachian  Region. 

The  authority  to  conduct  this  study  Is  contained  in  the  Appalachian 
Regional  Development  Act  of  19^5 > PL  89-^,  Section  206- C 
Purpose  and  Scope 

This  study  determines  the  general  projected  need  of  streamflow  for 
water  supply  and  water  quality  control  In  the  Conemaugh  River  basin. 
These  needs  are  based  on  population  benchmarks  that  reflect  the 
developmental  effect  of  the  Appalachian  Program  on  the  area.  The 
report  is  generalized  and  is  not  intended  to  be  used  for  authorization 
of  water  development  projects  at  -peciflc  locations.  It  is  intended 
that  specific  streamflow  requirements  given  in  this  report  be  used 
to  screen  potential  reservoir  projects  for  more  detailed  evaluation 
In  the  future. 
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Rationale  Utilized  In  this  Study 

This  report  evaluates  the  general  municipal  and  Industrial  water 
supply  and  water  quality  control  needs  In  terms  of  total  streamflow 
requirements  by  the  year  2020  In  areas  which  will  need  additional 
storage  to  solve  low  flow  problems.  In  analyzing  potential  problem 
areas.  It  was  assumed  that  existing  communities  would  grow  at  the  same 
rate  as  Indicated  by  their  respective  county  population  benchmark  pro- 
jections. Industrial  water  use  and  waste  loads  were  based  upon  bench- 
mark employment  projections  as  disaggregated  to  the  county  level  by  the 
U,  S.  Army,  Corps  of  Engineers,  Pittsburgh  District.  Such  projections 
were  further  distributed  to  stream  reaches  according  to  the  location  of 
present  Industrial  establishments  and  to  the  apparent  land  availability 
adjacent  to  the  major  streams. 

The  streamflow  needs  given  in  the  tables  do  not  necessarily  agree 
with  needs  given  in  other  reports  prepared  by  Federal  Water  Pollution 
Control  Administration  because  of  the  use  of  different  economic  projection 

data. 
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DESCRIPnOR  OF  EXISTIRG  CORDITIORS  ARC  UTILIZATIOH 
(l)  Water  Supply 

The  following  municipalities  have  their  public  water 
supply  sources  in  the  Conemaugh  River  basin: 


COUKTf 

MURICIPALITY 

POPULATIOR 

SERVED 

SAFE 

SOURCE  OF  YIELD* 
SUPPLY  (MGD)* 

PRESENT 

USE 

(MGD) 

Westmoreland 

Derry,  Pa. 

5,000 

McGee  Run 

S-5 

Indiana 

Indiana,  Pa. 

16,500 

Two  Lick  Cr. 
Ramsey  Rim 

5.1 

1.8 

Indiana 

Blairsville,  Pa. 

5,400 

Hillside  Run 
Reservoir 

0.13 

s-Uo 

0.48 

Indiana 

Homer  City,  Pa. 

2,471 

Yellow  Creek 

0.62 

0.45 

Indiana 

Clymer,  Pa. 

2,500 

2 wells 

0.3 

0.20 

Somerset 

Windber,  Pa. 

15,000 

Clear  Shade 
Reservoir 
Piney  Run 
Reservoir 

4.6 

S-75 

0.90 

Somerset 

Central  City,  Pa. 

3,000 

Beaver  Dam 
Run 

1.0 

0.16 

Cambria 

Johnstown,  Pa. 

62,500 

5 reservoirs 

6.6 

S-2300 

12.0 

Cambria 

Ranty-Glc , Pa. 

6,000 

Williams  Run 
Reservoir 

S-225 

0.65 

Cambria 

Sbeesburg,  Pa. 

8,000 

R.Br.  Little 

Conemaugh 

Reservoir 

0.9 

S-405 

0.65 

Cambria 

Portage, Pa. 

6,200 

Trout  Run 
Reservoir 

0.1 

S-100 

0.40 

Cambria 

Gelstown 

3,186 

7 reservoirs 

S-274  Est.0.32 

*For  surface-water  soxirces,  this  la  taken  to  be  the  1-day- 30  year  low  flow; 
(S-Present  impoundment  capacity  in  million  gallons.) 

For  ground-water  so\irces,  this  is  the  total  reliable  yield. 


D-23? 


3 


(2)  Water  Qviallty  Control 

Municipalities  that  have  sewerage  facilities  discharging 
into  the  drainage  of  the  Conemau^  River  basin  are  as 
follows : 

PRESENT  LOW 

POPULATION  RECEIVING  TYPE  FLOW** 


COUNTY 

MUNICIPALm 

SERVED 

STREAM  TREATMENT* 

(cfs) 

Cambria 

Johnstown,  Pa. 

81,500 

Conemaugh 

River 

P-C 

152. 

Cambria 

Zbensburg,  Pa. 

7,500 

Howell's  Run 

S-C 

0.1 

Cambria 

Cresson,  Pa. 

3,000 

Little  Conemaugh  None 
Creek 

0.0 

Cambria 

Nanty  Glo,  Pa. 

Blacklick  Creek 

None 

0.3 

Westmoreland 

Derry,  Pa. 

U,500 

McGee  Run 

S-C 

3.0 

Indiana 

Blairsvllle,  Pa. 

4,900 

Conemaugh 

River 

P-C 

207. 

Indiana 

Indiana,  Pa. 

16,500 

Two  Lick  Creek 

None 

7. 

Somerset 

Windber,  Pa. 

7,500 

Paint  Creek 

None 

9 

* S - Secondary,  P - Primary,  C - Chlorination. 
**  7 consecutive  day  once  in  10-year  frequency. 
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ANTICIPATED  FUTURE  CONDITIONS 
(l)  Water  Supply 

The  following  tables  show  projected  total  streamflow  require-  J 

ments  by  the  year  2020  for  munif’ipal  water  supply  where  a low 
flow  problem  will  exist.  These  flow  needs  are  based  on  the 
U.  S.  Army  Coit)s  of  Engineers'  developmental  benchmark 
projections. 

Municipal  Water  Needs 

PROJECTED  TOTAL  WATER 
SUPPLY  REQUIREMENT 
2020 

COUNTY AREA (MGD) 


Indiana 

Indiana,  Pa. 

12.3 

Indiana 

Homer  City,  Pa. 

2.7 

Indiana 

Clymer,  Pa. 

1.3 

Westmoreland 

Derry,  Pa. 

1.7 

Indiana 

Blairsville,  Pa. 

3.7 

The  community  of  Indiana,  Pennsylvania,  obtains  its  water  supply  from 
Two  Lick  Creek  and  Ramsey  Run  which  are  limited  in  quantity  and  are 
presently  degraded  from  acid  mine  drainage.  A reservoir  located  on 

Yellow  Creek  could  supply  the  anticipated  future  demands  of  this  area;  ; 

however,  this  would  require  a reallocation  of  project  purposes  since  ; 

it  is  operated  at  present  solely  for  recreational  purposes.  Water  | 

quality  at  this  site  would  be  more  acceptable  for  municipal  uses  than  ] 

the  existing  source.  (See  page  6 for  discussion  of  water  quality.) 
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(2)  Water  Qxiallty  Control 


The  following  table  shows  projected  total  streamflow  require- 
ments by  the  year  2020,  for  water  quality  control  to  assimilate 
municipal  and  industrial  wastes  where  a low  flow  problem  will 
exist.  The  flow  needs  are  based  on  the  benchmark  projections: 
Municipal  and  Industrial  Wastes  (Water  Quality  Control  Needs) 


COUNTY 

AREA 

RECEIVING 

STREAM 

PROJECTED  TOTAL 
STREAMFLOW  REQUIRED 
2020  (cfs) 

Cambria 

Ebensburg,  Pa. 

Howells  Run 

7 

Cambria 

Cresson,  Pa. 

Little  Conemaugh 
River 

3 

Cambria 

Nanty  Clo 

Blacklick  Creek 

5 

Westmoreland 

Derry,  Pa. 

McGee  Run 

8 

Indiana 

Indiana,  Pa. 

Two  Lick  Creek 

97 

Somerset 

Windber,  Pa. 

Paint  Creek 

17 
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WATER  QUALITY  OF  POTENTIAL  RESERVOIR  SITES 

The  following  is  a preliminary  evaluation  of  the  water  quality 
characteristics  of  potential  reservoir  sites  in  the  Conemaugh  River 
basin: 

1.  Yellow  Creek 

Water  quality  reservoir  site  with  good  potential. 

The  Pennsylvania  Department  of  Forests  and  Waters  reports 
that  this  site  is  being  constructed,  solely  as  a recreational 
facility.  The  stream  (3  samples)  had  a pH  of  6. 8-7.2,  conduc- 
teince  of  260-325  umhos/cm,  dissolved  oxygen  of  7. 2-7. 7 mg/1, 
acidity  of  5-8  mg/1,  alkalinity  of  23-29  mg/1,  hardness  of 
102-285  mg/1,  sulfate  of  80-135  mg/l,  total  iron  of  0.0-0. 2 
mg/1,  manganese  of  0.0-0. 2 mg/l,  aluminum  of  O.O-O.^t  mg/l, 
chloride  of  6o8  mg/l,  BOD^  of  0. 6-1.0  mg/l,  fecal  coliform  of 
70-210/100  ml,  and  fecal  streptococci  of  290-1000/100  ml. 

The  bottom  fauna  was  dominated  by  varieties  typical  of  an  un- 
polluted habitat. 

2.  Stony  Creek 

A.  Ben's  Creek 

This  is  a good  quality  water.  Presently,  there  is 
the  North  Fork  Reservoir  (3,870  acre-feet)  and  the  Dalton 
Run  Reservoir  (U03  acre-feet)  owned  by  the  Greater  Johns- 
town Water  Authority  located  on  this  stream.  Possible 
flooding  of  these  existing  reservoirs  should  be  considered 


D-239 


7 


since  it  would  require  filtration  of  the  Impounded  water 
for  municipal  water  use.  The  stream  (3  samples)  had  a 
pH  range  of  7.0-7. 3,  conductance  of  56O-630  umhos/cm, 
dissolved  oi^rgen  of  8.7-10.0  mg/l,  acidity  of  10-25  ®g/l> 
alkalinity  of  13-21  ng/l->  hardness  of  264-3314-  mg/l,  sulfate 
of  255-350  mg/l,  iron  of  0. 7-1.0  mg/l,  manganese  of  0. 3-0.4 
mg/l,  aluminxan  of  O.3-3.6  mg/l,  chloride  of  2-3  mg/l,  BOD5 
of  0.6-1. 3,  fecal  coliform  of  I60-500  mg/l,  and  fecal 
steptococci  of  110-250  mg/l.  The  substrate  was  covered 
with  an  orange  precipitate  and  some  intolerant  bottom 
favina  existed. 

B.  Upper  Stony  Creek 

This  is  a good  potential  water  quality  reservoir  site. 

The  stream  (3  samples  ) had  a pH  range  of  6. 9-7.0, 
conductance  of  490-520  umhos/cm,  dissolved  oxygen  of 
7. 5/8.0  mg/l,  acidity  of  5-l6  mg/l,  alkalinity  of 
22-28  mg/l,  hardness  of  209-237  mg/l,  sulfate  of  174-475 
mg/l,  iron  of  0.03  mg/l,  manganese  of  0.2-0. 3 mg/l, 
aluminum  of  0-1.0  mg/l,  chloride  of  11-20  mg/l,  BOD^  of 
0.5-1. 5 rog/l^  fecal  coliform  of  3 >200 -96,000/ 100  ml,  and  fecal 
streptococci  of  460-5, 700/100  ml.  The  bottom  fauna  was 
dominated  by  pollution  tolerant  forms,  probably  caused 
by  domestic  i>ollutlon.  Proper  treatment  would  eliminate 
this  problem. 
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3-  Clear  Shade  Creek 

This  is  excellent  quality  water.  Presently,  there  are  two 
public  water  supply  reservoirs  owned  by  the  Richland  Township 
Water  Company  about  0.3  miles  above  the  site.  Flooding  of  these 
existing  impoundments  by  a new  reservoir  may  require  the  water 
company  to  provide  additional  treatment.  The  stream  (3  samples) 
had  a pH  range  of  6. 6-7.8,  conductance  less  than  50  umhos/cm, 
dissolved  oxygen  of  'J.k-9.1  mg/l,  acidity  of  6-10  mg/l, 
alkalinity  of  5-iO  mg/l,  hardness  of  7-^  mg/l, sulfate  of  7-20  mg/l, 
iron  of  0. 0-0.1  mg/l,  manganese  of  0.0-2. 2 mg/l,  aluminum  of  0.0  mg/l, 
chloride  ol  0-3  mg/l,  5-day  BOD  of  0. 3-1.2  mg/l,  fecal  coliform 
of  LO/lOO  ml,  and  fecal  streptococci  of  60-300/l00  ml.  The 
aquatic  life  was  dominated  by  pollution  intolerant  organisms. 
k.  Tub  Mill  Creek 

The  potential  reservoir  site  has  good  quality  water.  However, 

Tub  Mill  Creek  receives  some  acid  mine  drainage  downstream  from 
the  reservoir  site.  An  abandoned  mine  about  1,000  feet  downstream 
discharges  a highly  acidic  load  which  decreases  the  stresim  pH  to 
about  3.8.  A more  intensive  investigation  might  determine  that 
the  location  of  the  dam  should  be  below  the  mine  opening  with 
subsequent  flooding  of  the  mine.  The  stream  (3  samples)  above 
the  acid  mine  drainage  had  a pH  range  of  6. 0-6. 8,  and  an  alkalinity 
of  2-16  mg/l.  A variety  of  intolerant  organisms  and  fish  were* 
observed. 
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MSIE  DRAINAGE  EFFECTS  ON  QUALITY  OF  WATER 

The  most  damaging  and  widespread  water  pollution  problem  in  the 
basin  Is  acid  mine  drainage  from  active  and  abandoned  coal  mining 
operations,  both  surface  and  underground.  Low  flow  regulation  is  expected 
to  be  necessary  for  water  quality  control  of  the  extreme  acid  character 
of  some  streams. 

Following  is  a list  of  areas  in  the  basin  which  are  polluted  and 
severely  degraded  by  mine  drainage: 


(A)  Little  Conemaugh  River 


(B)  Stony  Creek  Drainage 


(C)  Conemaii^  River  frcni 
Johnstown,  Pennsylvania 
to  Loyalhanna  Creek 


(D)  Blackllck  Creek 


Acidity  (Avg.  51>000  Ib/day). 
pH  (3.O.I1.2), 

iron,  manganese,  sulfates, 
hardness. 


Acidity,  pH,  iron, 
manganese,  sulfates, 
hardness. 


Acidity  (Avg.  208,000  Ib/day). 
pH 

iron  (220),  manganese  (30.), 
sulfate  (590),  hardness  (260). 


Acidity  (Avg.  Ul6,000  Ibs/day). 
pH  (2.5-2.9),  iron  (94), 
manganese  ( 4 . ) , sulfate  ( 520 ) , 
hardness  (250). 
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APPALACHIA  PROGRAM 

WATER  SUPPLY  AMD  WATER  QUALITY  COMTRCL  HEEDS 
TYQART  VALLEY  RIVER  BASIH 
WEST  VIRGINIA 


prepeured  for 

U.  S.  DEPARTMENT  OF  THE  ARMY 
CORPS  OF  ENGINEERS-APPALACHIA  STUDY 
U.  S.  ARMY  ENGINEER  DISTRICT 
PITTSBURCHi,  PENNSYLVANIA 

by 


U . S.  DEPARTMENT  OF  THE  INTERIOR 
FEDERAL  WATER  POLLUTION  CONTROL  AEMINISTRATIOH 
OHIO  BASIN  REGION 
WHEELING  FIELD  STATION 


1. 


November  L967 


APPALACHIAN  REGION  WATER  RESOURCES 
DEVELOPMENT  PROGRAM 

Tygart  Valley  River  Basin 

West  Virginia 

Fnunework  Report  for  Water  Supply 
and 

Water  Quality  Control 


Request  and  Authority 

In  a letter  dated  March  3j  196T,  the  Pittsburgh  District,  U.  S. 

Army  Corps  of  Engineers,  requested  the  Federal  Water  Pollution  Con- 
trol Administration,  Wheeling  Field  Station,  Ohio  River  Basin 
Project,  to  prepare  a generalized  framework  report  on  the  Tygart  Valley 
River  basin.  (See  drainage  area  map.)  The  Tygart  Valley  River  is  a 
potential  water  development  area  in  the  Appalachian  Region. 

The  authority  to  conduct  this  study  is  contained  in  the  Appalachian 
Regional  Development  Act  of  1965,  PL  89-^,  Section  206-C. 

Purpose  and  Scope 

This  study  determines  the  general  projected  need  of  streamflow 
for  water  supply  and  water  quality  control  in  the  Tygart  Valley  River 
basin.  These  needs  are  based  on  population  benchmarks  that  reflect 
the  developmental  effect  of  the  Appalachian  Program  on  the  area. 

The  report  is  generalized  and  is  not  intended  to  be  utilized  for 
authorization  of  water  development  projects  at  specific  locations. 

It  is  intended  that  specific  streamflow  requirements  given  in  this 
report  be  used  to  screen  potential  reservoir  projects  for  more  detailed 
evaluation  in  the  future. 
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Rationale  Utilized  in  this  Study 

This  report  evaluates  the  general  municipal  and  industrial  water 
supply  and  water  quality  control  needs  in  terms  of  total  streamflow 
requirements  by  the  year  2020  in  areas  which  will  need  additional 
storage  to  solve  low  flow  problems.  In  analyzing  potential  problem 
areas,  it  was  assumed  that  existing  communities  would  grow  at  the  same 
rate  as  Indicated  by  their  respective  county  population  benchmark 
projections.  Industrial  water  \»se  and  waste  loads  were  based  upon 
benchmark  emplojmient  projections  as  disaggregated  to  the  county  level 
by  the  U.  S.  Army  Corps  of  Engineers,  Pittsburgh  District.  Such  pro- 
jections were  further  distributed  to  stream  reaches  according  to  the 
location  of  present  industries  and  to  the  apparent  land  availability 
adjacent  to  the  major  streams. 

The  streamflow  needs  given  in  the  tables  do  not  necessarily  agree 
vLth  needs  given  in  other  reports  prepared  by  Federal  Water  Pollution 
Control  Administration  because  of  the  use  of  different  economic 
projection  data. 
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DESCRUmOH  OF  mSTIHG  OOBDITIOKS  AND  UTILIZATION 
(l)  Water  Supply 

The  following  municipalities  have  their  public  water  supply 
sources  in  the  l^gart  Valley  River  basin: 

SAFE  PRESENT 

POPULATION  SOURCE  OF  YIELD*  USE 


COUNT! 

MUNICIPALIT! 

SERVED 

SUPPLY 

(MGD) 

(MGD) 

Randolph 

Elkins,  W.Va. 

9,500 

lygart  Valley 
River 

0.6 

1.3 

Upshur 

Buckhannon,  W.Va. 

7,350 

Buckhannon 

River 

0.15 

0,7 

Taylor 

Grafton,  W.  Va. 

10,000 

Tygart  Valley 
River 

70.0 

2.0 

Marlon 

Fairmont,  W.  Va. 

50,000 

Tygart  Valley 
River 

81.3 

7.2 

Marion 

Monongah  , W.  Va. 

lU,000 

Tygart  Valley 
River 

80.7 

0.9 

Beu-bour 

Philippi.  W.Va. 

2,700 

Tygart  Valley 
River 

1.7 

0.25 

*For  surface-water  sovirces,  this  is  taken  to  be  the  1-day- 30  year  low  ' 

flow.  For  ground-water  sources,  this  is  the  total  reliable  yield.  < 
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(2)b  Water  Quality  Control 

Municipalities  that  have  sewerage  facilities  discharging 
into  the  drainage  of  the  Tygart  Valley  River  basin  are  as 
follows ; 


COUNTY 

MUNICIPALITY 

POPULATION 

SERVED 

RECEIVING 

STREAM 

PRESENT 

TYPE 

TREATMENT 

LOW 

FLOW** 

(cfs) 

Randolph 

Elkins,  W.  Va. 

8,135 

Tygart 

Valley 

River 

S-C 

1.7 

Upshur 

Buckhannon,  W.Va. 

L,U50 

Buckhannon 

River 

S-C 

1.6 

Taylor 

Grafton,  V/.Va. 

7,^30 

Tygart 

Valley 

River 

None 

170*** 

Barbour 

Philippi,  W.Va. 

2,800 

Tygart 

P-C 

8.9 

Valley 

River 


*S  - Secondary,  P - Primary,  C - Chlorination 
7 consecutive  day  once  in  lO-year  frequency 
Unadjusted  with  Tygart  reservoir  in  place. 

AOTICIPATED  FUTURE  CONDITIONS 
(l)  Water  Supply 

The  following  table  shows  projected  total  streamflow  require- 
ments by  the  year  2020  for  municipal  water  supply  where  a low 
flow  problem  will  exist.  The  flow  needs  are  based  on  the  U,  S. 
Army  Corps  of  Engineers'  developmental  benchmark  projections. 


D-246 


MtMidiiiliaiMi 


h 


MUNICIPAL  WATER  NEEDS  - Tygart  ValLey  River  Basin 


COUNTY 

AREA 

PROJECTED  TOTAL 
WATER  SUPPLY 
REQUIRIMENT  -2020 
(MGD) 

Randolph 

Elkins,  West  Virginia 

1.8 

Upshur 

Buckhannon,  West  Virginia 

2.5 

(2) 

Water  Quality  Control 

The  following  table  shows  projected  total  streamflow  require- 
ments by  the  year  2020,  for  water  quality  control  to  assimi- 
late municipal  and  industrial  wastes  where  a low  flow  problem 
will  exist.  The  flow  needs  are  based  on  the  benchmark 
projections : 

Municipal  and  Industrial  Wastes  (Water  Quality  Control  Needs) 

TOTAL  STREAMFLOW 
REQUIRED  --  2020 

RECEIVING 


COUNTY 

AREA 

STREAM 

(cfs) 

Randolph 

Elkins,  W.  Va. 

Tygart  Valley  River 

lU 

Upshur 

Buckhannon,  W.Va. 

Buckhannon  River 

14 

Barbour 

Philippi,  W.Va. 

Tygart  Valley  River 

15 

j 
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WATER  QUALiry  OF  POTENTIAL  RESERVOIR  SITES 

The  following  is  a preliminary  evaluation  of  water  qiiality 
characteristics  of  potential  reservoir  sites  in  the  Tygart  Valley 
River  basin: 

1 . Teter  Creek 

An  excellent  water  quality  reservoir  site.  The  stream 
{2  samples)  had  pH  values  of  7*3  T-T, 

conductance  values  of  II5  and  120  umhos/cm,  dissolved  oxygen  of 
8.8  mg/l,  acidity  of  2 and  8 mg/l,  alkalinity  of  38  and  39  mg/l, 
hardness  of  and  46  mg/l,  sulfates  of  20  mg/l,  iron  0.1  mg/l, 
manganese  of  0 mg/l,  aluminum  of  0.0  and  0.3  nig/l,  chlorides  of 
3 and  4 mg/l,  5 day  BOD  of  0.7  and  1.5  nig/l^  fecal  coliform  of 
550  and  890/100  ml,  and  fecal  streptococci  of  380  and  850/IOO  ml. 

The  bottom  fauna  consisted  of  a well-rounded  invertebrate  population. 

2 . Laurel  Creek 

A water  quality  reservoir  site  with  good  potential.  The 
stream  (6  samples)  had  a pH  range  of  6. 7-7*4,  conductance  of 
7O-I6O  umhos/cm,  dissolved  oxygen  of  6.4-13*4  mg/l,  acidity  of 
4-26  mg/l,  alkalinity  of  5-46  mg/l,  hardness  of  26-73  ®g/4, 
manganese  of  0.0-0. 6 mg/l,  sulfates  of  l6-75,  mg/l,  chlorides 
of  0-2  mg/l,  5 day  BOD  of  0. 3-1*6  mg/l,  iron  of  0.0-0. 3 mg/l, 
total  conform  of  270-7, 400/l00  ml,  fecal  coliform  of  lO-52/lOO  ml, 
and  fecal  streptococci  of  42-290/100  ml.  A variety  of  organisms 
representing  an  unpolluted  condition  was  found. 
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3.  Buckhannon  River  (French  Creek  above  Gould,  West  Virginia). 

An  excellent  water  quality  reservoir  site.  The  streeun 
(2  samples)  had  pH  values  of  T.^  and  7.8,  conductance  values 
of  110  and  120  umhos/cm,  dissolved  oxygen  of  7-1  and  7.7  mg/l, 
acidity  of  0 and  7 mg/l,  alkalinity  of  lU  and  l8  mg/l,  hardness 
of  27  and  32  mg/l,  sulfates  of  20  and  25  mg/l,  iron  of  0.7  and 
0.9  mg/l,  manganese  of  0.2  mg/l,  aluminum  of  0.1  and  1.0  mg/l, 
chloride  of  10  and  11  mg/l,  5 day  BOD  of  1.2  and  1.7  mg/l, 

fecal  coliform  of  100  and  5^0/l00  ml  and  fecal  streptococci  of 

150  and  300/100  ml.  The  bottom  fauna  at  this  station  was 
cominated  by  forms  of  intermediate  tolerance.  The  substrate 
was  mostly  sand  and  not  conductte  to  production  of  aquatic 
organl sms . 

V,  Middle  Fork  River  (Right  Fork) 

A water  quality  reservoir  site  with  good  potential.  The 
stream  (2  samples)  had  pH  values  of  7.6  and  7.9  conductance 
values  of  < 50  and  65,  dissolved  oxygen  of  7.8  and  8.3  mg/l, 
acidity  of  8 and  10  mg/l,  alkalinity  of  8 and  10  mg/l,  hardness 
of  1^  mg/l,  sulfates  of  10  mg/l,  iron  of  O.5  and  0.7  mg/l, 

manganese  of  0 and  0.5  mg/l,  aluminum  of  0.7  and  0.8  mg/l, 

chloride  of  1 and  2 mg/ 1 , 5 day  BOD  of  0 . 6 and  1 . 3 mg/ 1 , 
fecal  coliform  of  10  and  lUo  mg/lOO  ml,  and  fecal  streptococci 
of  150  and  500/100  ml.  A variety  of  organisms  consisting  mostly 
of  intolerant  forms  were  observed.  This  location  supports  low 
manbers  of  organisms,  probably  because  of  low  fertility. 
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5.  Upper  Tygart  River  (Above  Lee  Bell). 

An  excellent  water  quality  reservoir  site.  The  stream 
(3  samples)  had  a pH  range  of  7. 7-7-9,  conductance  of 
120  umhos/cm,  dissolved  oxygen  of  9-^-9-8  mg/l,  acidity  of 
0-5  mg/l,  alkalinity  of  43-44  mg/l,  hardness  of  46-56  mg/l, 
sulfates  of  10  mg/l,  iron  of  0.1-0. 3 mg/l,  manganese  of 
0-0.8  mg/l,  aluminum  of  0. 3-0.8  mg/l,  chlorides  of  1-2  mg/l, 

5 day  BOD  of  0.8-0. 9 mg/l,  fecal  coliform  of  lO/lOO  ml  and 
fecal  streptococci  of  I2O-I90/IOO  ml.  TTie  bottom  fauna  was 
varied  and  abundant.  It  was  typical  of  an  unpolluted  habitat. 
MIME  DRAIMAGE  EFFECTS  ON  QUALITY  OF  WATER 

In  the  following  areas  in  the  basin,  the  present  and  the 
potential  uses  of  surface  water  are  impaired  as  a result  of  the' 
characteristics  inherent  in  mine  drainage: 

(a)  Tygart  Valley  River  between  Grafton  and  Fairmont,  and 
at  Belington  where  quality  of  water  is  affected  by  high 
acidity. 

(B)  Roaring  Creek,  where  quality  of  water  is  affected  by 
hl^  acidity,  iron,  manganese,  sulfate,  and  hardness. 

(C)  Buckhannon  River  at  Buckhannon,  where  quality  of  water 
is  affected  by  iron,  manganese,  sulfate,  and  hardness. 
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APPALACHIAlf  REGIOH  WATER  RESOURCES 
DEVELOFMEHT  PRO®AM 


West  Fork  River  Basin 
West  Virginia 

Framework  Report  for  Water  Supply 
and 

Water  Quality  Control 

Request  and  Authority 

In  a letter  dated  March  3,  I967,  the  Pittsburgh  District,  U.  S. 

Army  Corps  of  Engineers,  requested  the  Federal  Water  Pollution  Control 
Administration,  Wheeling  Field  Station,  Ohio  River  Basin  Project,  to 
prepare  a generalized  framework  report  on  the  West  Fork  River  basin. 

(See  drainage  area  map.)  The  West  Fork  is  a potential  water  development 
area  in  the  Appalachian  Region. 

The  authority  to  conduct  this  study  is  contained  in  the  Appalachian 
Regional  Development  Act  of  1965,  PD  89-*+,  Section  206-C. 

Purpose  and  Scope 

This  study  determines  the  general  projected  need  of  streamflow  for 
water  supply  and  water  quality  control  in  the  West  Fork  River  basin. 

These  needs  are  based  on  population  benchmarks  that  reflect  the  develop- 
mental effect  of  the  Appalachian  Program  on  the  area.  The  report  is 
generalized  and  is  not  Intended  to  be  utilized  for  authorization  of  water 
development  projects  at  specific  locations.  It  is  intended  that  specific 
streamflow  requirements  given  in  this  report  be  used  to  screen  potential 
reservoir  projects  for  more  detailed  evaluation  in  the  future. 
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I Rationale  Utilized  In  this  Study 

i ThlB  report  evaluates  the  general  municipal  and  Industrial  water 

I 

supply  and  water  quality  control  needs  In  terms  of  total  streamflow 
I requirements  by  the  year  2020  in  areas  which  will  need  additional  storage 

j to  solve  lowflow  problems.  In  analyzing  potential  problem  areas,  it  was 

assumed  that  existing  communities  would  grow  at  the  same  rate  as  indicated 

1 

i by  their  respective  county  population  benchmark  projections.  Industrial 

t 

water  use  and  waste  loads  were  based  upon  benchmark  employment  projections 
as  disaggregated  to  the  county  level  by  the  U.  S.  Army,  Corps  of  Engineers, 
Pittsburg  District.  Such  projections  were  further  distributed  to  stream 
reaches  according  to  the  location  of  present  industries  and  to  the  apparent 
land  availability  adjacent  to  the  major  streams. 

The  streamflow  needs  given  in  the  tables  do  not  necessarily  agree 
with  needs  given  in  other  reports  prepared  by  Federal  Water  Pollution 
Control  Administration  because  of  the  use  of  different  economic  projection 
data. 
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DESCRIPnOH  OF  EXISTIHG  COliDITIOHS  AMD  UTILIZATION 


(l)  Water  Supply 


The  following  municipalities  have  their  public  water  supply 
sources  in  the  West  Fork  River  basin: 

COUNTI 

MUNICIPALITY 

POPULATION 

SERVED 

SOURCE  OF 
SUPPLY 

SAFE 

YIELD» 

(MOD) 

PRESENT 

USE 

(MOD) 

Harrison 

Clarksburg,  W.Va. 

39,938 

West  Fork 
River 

1.6 

S-300 

k.9 

Harrison 

Bridgeport,  W.Va. 

5,500 

Hinkle  and 
Digman 
Lakes 

0.0 

0.5 

Harrison 

Salem,  W.  Va. 

3,000 

Watershed  0.1 
Project 
Reservoirs 
(Dog  Run 
Res. ) 

0.25 

Lewis 

Weston,  W.Va. 

7,000 

West  Fork 

0.05 

0.6 

River 


♦For  surface-water  sources,  this  is  taken  to  be  the  L-day-30-year  low 
flow,  (S- Present  impoundment  capacity  In  million  gallons.)  For  ground 
water  sources,  this  Is  the  total  reliable  yield. 
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(2)  Water  Quality  Control 

Munlcli>alities  that  have  sewerage  facilities  discharging 
into  the  drainage  of  the  West  Fork  River  basin  are  as 
follows : 

PRESENT  LOW 


COUNTf 

POPULATION 

MUNICIPALITf  SERVED 

RECEIVING 

STREAM 

TYPE 

TREAIMENT* 

FLOW*** 

(cfs) 

Harrison 

Bridgeport,  W.Va. 

1,580 

Simpson 

Creek 

0.3 

Harrison 

Clarksburg,  W.Va. 

32,000 

West  Fork 
River 

5.6 

Harrison 

Salem,  W.Va. 

3,000 

Tenmile 

Creek 

S,  C 

0.2 

Lewis 

Weston,  W.Va. 

8,300 

West  Fork 
River 

S,  C 

0.14 

Marion 

Monongah , W.Va. 

2.1*00 

West  Fork 
River 

P,  C 

11.2 

* S - Secondary,  P - Primary,  C - Chlorination 
Consecutive  day  onee  in  10-year  frequency 
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AMTICIPATED  FUTURE  CONDITIONS 
(l)  Water  Supply 

The  following  tables  show  projected  streamflow  requirements 
by  the  year  2020  for  municipal  water  supply  where  a low- flow 
problem  will  exist.  These  flow  needs  are  based  on  the  U.  S. 
Army  Corps  of  Engineers'  developmental  benchmark  projections 


Municipal 

Water  Needs 

COUNTY 

AREA 

PROJECTED  TOTAL 
WATER  SUPPLY 
RBftUIRIMEHT  2020 
(MOD) 

Harrison 

Bridgeport,  West  Virginia 

1.3 

Harrison 

Salem,  West  Virginia 

0.6 

Lewis 

Weston,  West  Virginia 

l.O 

Harrison 

Clarksburg,  West  Virginia 

S-300  11.2 
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(2)  Water  Quality  Control 

The  following  table  shows  projected  streamflow  requirements 
by  the  year  2020,  for  water  quality  control  to  assimilate 
municipal  and  Industrial  wastes  where  a Low-flow  problem  will 
exist.  The  flow  needs  sure  based  on  the  benchmark  projections: 

Municipal  and  Industrial  Wastes  (Water  Quality  Control  Needs) 


COUNTY 

MUNICIPALITY 

RECEIVING 

stream 

TOTAL  STREAMFLOW 
REQUIRED  -2020 
(cfs) 

Harrison 

Bridgeport,  W.Va. 

Simpson  Creek 

2 

Harrison 

Clarksburg,  W.Va. 

West  Fork  River 

100 

Harrison 

Salem,  W.Va. 

Tenmile  Creek 

5 

Lewis 

Weston,  W.Va. 

West  Fork  River 

14 

WATER  QUALITY  OF  POTENTIAL  RESERVOIR  SITES 

The  following  is  a preliminary  evaluation  of  the  water  quality 
characteristics  of  potential  reservoir  sites  in  the  West  Fork  River 
basin: 

1.  Ten  Mile  Creek 

A water  quality  reservoir  site  with  poor  potential.  It  is  not 
recommended  for  water  quality  control  storage.  The  stream 
(2  samples)  had  pH  values  of  3*3  and  4.0,  conductance  of 
3300  umhos/cm,  acidity  of  ll6  and  31-8  mg/l,  alkalinity  of 
0 mg/l,  hardness  of  4UU  and  864  mg/l,  iron  of  43  and  65  mg/l, 
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sulfate  of  1,100  and  1,500  mg/l,  aluminum  of  50  and  55  mg/l, 
chloride  of  11  and  l8  mg/l,  5 day  BOD  of  0 and  0.2  fecal  conform 
< lO/lOO  ml  and  fecal  streptococci  < lO/lOO  ml.  The  stream 
was  heavily  silted  and  the  substrate  was  covered  with  reddish 
deposits  typical  of  acid  mine  drainage.  No  living  organisms  were 
observed. 

2.  Elk  Creek 

A water  quality  reservoir  site  with  poor  potential.  It  is 
not  recommended  for  water  quality  control  storage.  The  stream 

! 

(4  samples)  had  a pH  range  of  3*0-3«2,  conductance  of  1,600- 

2,800  umhos/cm,  dissolved  oxygen  of  5-*^-9-0  mg/l,  acidity  of 

152-260  mg/l,  alkalinity  of  0 mg/l,  hardness  of  780-1,130  mg/l 

manganese  of  6. 6-8.1,  sulfates  of  U25-l,500  mg/l,  chloride 

of  10-17  mg/l,  5 day  BOD  of  0. 6-3.0  mg/l,  iron  of  5*0-15.^  mg/l, 

total  conform  of  U-70/IOO  ml,  and  fecal  streptococci  of  2-lOO/lGO  | 

ml,  and  fecal  conform  of  2-10/100  ml.  The  substrate  consisted  | 

predominately  of  silt.  No  organisms  were  found.  S 

j 

3.  Hackers  Creek  j 

A water  quality  reservoir  site  with  poor  to  good  potential.  3 

The  stream  (3  samples)  had  a pH  range  of  6.J-7.U,  conductance  | 

of  520-l,040  umhos/cm,  dissolved  oxygen  of  5-5-11-1  mg/l,  3 

acidity  of  0-^+6  mg/l,  alkalinity  of  30-73  mg/l,  hardness  of  j 

216/376  mg/l,  manganese  of  0. 0-1.0  mg/l,  sulfates  of  205-1,000 
mg/l,  chlorides  of  6-lU  mg/l,  5 day  BOD  of  1.0-1. 8 mg/l,  iron 
of  0.3-0. 6 mg/l,  total  conform  of  4 ,U0O-7,00O/lO0  ml. 
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fecal  conform  of  IIO-6OO/ICX)  ml,  and  fecal  streptococci 
of  630-1,100/100  ml.  The  substrate  consisted  entirely  of 
silt.  The  bottom  fauna  reflected  the  poor  substrate 
habitat . 

MINE  DRAINAGE  EFFECTS  ON  QUALITY  OF  WATER 

In  the  following  areas  of  the  basin,  the  present  and  the 
potential  uses  of  surface  water  are  impaired  as  a result  of  the 
characteristics  inherent  in  mine  drainage  such  as  high  acidity, 
iron,  manganese,  sulfate,  and  hardness. 

(A)  West  Fork  River  from  Clarksburg  to  Fairmont, 

West  Virginia. 

(B)  Jones  Creek  near  Lumberport,  Harrison  County, 

West  Virginia. 
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APPALACHIAN  REGION  WATER  RESOURCES 
DEVELOPMENT  PROGRAM 


Youghiogheny  River  Basin 

Pennsylvania,  Maryland,  and  West  Virginia 

Framework  Report  for  Water  Supply 
and 

Water  Quality  Control 


Request  and  Authority 

In  a letter  dated  March  3>  196?,  the  Pittsburgh  District,  U.  S. 

Army  Corps  of  Engineers,  requested  the  Federal  Water  Pollution  Control 
Administration,  Wheeling  Field  Station,  Ohio  River  Basin  Project,  to 
prepare  a generalized,  framework  type  report  on  the  Youghiogheny  River 
basin.  (See  drainage  area  map.)  The  Youghiogheny  is  a potential  water 
development  area  in  the  Appalachian  Region. 

The  authority  to  conduct  this  study  is  contained  in  the  Appalachian 
Regional  Development  Act  of  I965,  PL  89-^,  Section  206-C. 

Purpose  and  Scope 

This  study  determines  the  general  projected  need  of  streamflow 
for  water  supply  and  water  quality  control  in  the  Youghiogheny  River 
basin.  These  needs  are  based  on  population  benchmarks  that  reflect 
the  developmental  effect  of  the  Appalachian  Program  on  the  area.  The 
report  is  generalized  and  is  not  intended  to  be  utilized  for  authorization 
of  water  development  projects  at  specific  locations.  It  is  intended 
that  specific  streamflow  requirements  given  in  this  report  be  used  to 
screen  potential  reservoir  projects  for  more  detailed  evaluation  in  the 
future. 
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Rationale  Utilized  in  this  £tudy 

This  report  evaluates  the  general  municipal  and  industrial  water 
supply  and  water  quality  control  needs  in  terms  of  total  streamflow 
requirements  by  the  year  2020  in  areas  which  will  need  addi^sional  storage 
to  solve  low  flow  problems.  In  analyzing  potential  problem  areas, it  was 
assumed  that  existing  communities  would  grow  at  the  same  rate  as  indicated 
by  their  respective  county  population  benchmark  projections.  Industrial- 
water  use  and  waste  loads  were  based  upon  benchmark  employment  projections 
as  disaggregated  to  the  county  level  by  the  U.  S.  Army  Corps  of  Engineers, 
Pittsburgh  District.  Such  projections  were  further  distributed  to  stream 
reaches  according  to  the  location  of  present  Industrial  establishments 
and  to  the  apparent  land  availability  adjacent  to  the  major  streams. 

The  streamflow  needs  given  in  tables  do  not  necessarily  agree  with 
needs  given  in  other  reports  prepared  by  Federal  Water  Pollution  Control 
Administration  because  of  the  use  of  different  economic  projection  data. 
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DESCRIPTION  OP  EXISTING  CONDITIONS  AND  UTILIZATION 
(1)  Water  Supply 

The  following  municipalities  have  their  public  water  supply 


STATE 

sources 

COUNTY 

in  the  Youghiogheny  River  basin: 

MUNICIPALITY  POPULATION  SOURCE  OF 

SERVED  SUPPLY 

SAFE 

YIELD*- 

(MGD)* 

PRESENT 

USE 

(MGD) 

Pa. 

Allegheny 

McKeesport 

75,000 

Youghiogheny 

River 

N 

63.0 

Pa. 

Allegheny 

Elizabeth 

37,600 

Monongahela 

River 

N 

5.0 

Pa. 

Somerset 

Meyersdale 

3,000 

Crystal  Lake 

0.1 

0.2 

Pa. 

Fayette 

Connellsville 

25,000 

Youghiogheny 

River 

and 

Laurel  Run 

17.^ 

2.5 

W.Va. 

Preston 

Terra  Alta 

1,700 

5 wells 
2 in  use 

0.3 

0.12 

Md. 

Garrett 

Oakland 

5,000 

Youghiogheny 

River 

4.0 

0.2 

Pa. 

Somerset 

Somerset 

8,000 

Laurel  Hill  Creek 
& Emergency  Wells 

1.2 

Pa. 

Westmoreland 

Westmoreland 

County 

Municipal 

Authority 

200,000 

Beaver  Run 
Indian  Cr. 
Inmel 
Reservoir 

39.9 

23.5 

♦For  surface-water  sources,  this  is  taken  to  be  the  1-day- 30  year  low  flow; 
(N,  Intake  in  navigation  pool,  supply  essentially  unlimited). 


For  ground-water  sources,  this  is  the  total  reliable  yield. 
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(2)  Water  Quality  Control 

The  following  munlcipedltles  have  sewerage  facilities 
discharging  into  the  Youghiogheny  River  basin: 


PRESENT  LOW 


STATE 

COUNTY 

MUNICIPALITY 

POPULATION 

SERVED 

RECEIVING  TYPE 

STREAM  TREATMENT* 

FLOW** 

(cfs) 

Pa. 

Westmoreland 

Greensburg 

24,000 

Jack ' s Run 

S-C 

0.1 

Pa. 

Westmoreland 

Mt . Pleasant 

6,107 

Shapes  Run 
and 

Sherricks  Run 

S-C 

0.0 

Pa. 

Westmoreland 

Scottdale 

6,244 

Jacobs  Creek 

s -c 

1.0 

Pa. 

Westmoreland 

West  Newton 

3,982 

Youghiogheny 

River 

None 

88 

Pa. 

Westmoreland 

Youngwood 

3,000 

Jacks  Run 

s-c 

0.3 

Pa. 

Westmoreland 

Hempfield 

(Carbon) 

Jacks  Run 

S-C 

0.04 

Pa. 

Westmoreland 

Hempfield 

(Eastwood) 

Township  Line 
Run 

I-C 

0.24 

Pa. 

Westmoreland 

Hempfield 
(Rolling  Hills) 

Sewickley 

Creel: 

s^c 

0.42 

Pa. 

Westmoreland 

Hempfield 
(New  Stanton) 

Sewickley 

Creek 

P-c 

0.42 

Pa. 

Allegheny 

McKeesport 

80,000 

Monongahela 

River 

I-C 

637. 

Pa. 

Allegheny 

Elizabeth  Twp. 

I4,l60 

Monongahela 

River 

s-c 

472. 

Pa. 

Pa. 

Md. 

Somerset 

Somerset 

Garrett 

Meyersdale 

Somerset 

Oakland 

2,900 

6,000 

5,000 

Casselman 
River 
Coxes  Cr. 
Uttle 

Youghiogheny 

S Waste  6.3 

stabilization 
S-C  0.5 

None  5*0 

*S  - Secondauy,  P - Primary,  I - Intermediate,  C - Chlorination. 


*♦7  consecutive  day  once  in  10-yeax  frequency. 
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ANTICIPATED  FUTURE  CONDITIONS 
(l)  Water  Supply 

The  following  table  shows  projected  total  streamflow  requirements 
by  the  year  2020  for  municipal  water  supply  where  a low-flow  problem 
will  exist.  These  flow  needs  are  based  on  the  U.  S.  Army  Corps  of 
Engineers'  developmental  benchmark  projections: 

Municipal  Water  Needs 


PROJECTED  TOTAL  WATER 
SUPPLY  REQUIREMENT  2020 


STATE 

COUNTY 

AREA 

(MOD) 

Pa. 

Somerset 

Meyersdale 

0.7 

Pa. 

Westmoreland 

Westmoreland  County 
Municipal  Authority 

U8  treated 
17  raw  i/ 

Pa. 

Somerset 

Somerset 

3.1 

1/  Projected  to  the  year  2010  as  determined  by  the  State  of  Pennsylvania. 

The  Westmoreland  County  Municipal  Authority  is  now  planning 
to  go  to  the  Youghiogheny  River  as  a source  of  water  supply. 

(2)  Water  Quality  Control 

The  following  table  shows  projected  total  streamflow  requirements 
by  the  year  2020  for  municipal  and  industrial  water  quality  con- 
trol where  a low-flow  problem  will  exist.  These  flow  needs  are 
based  on  the  benchmark  projections: 
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Municipal  and  Industrial  Wastes  (Water  Quality  Control  Needs) 


TOTAL  STREAMFLOW 


STATE 

COUNTY 

AREA 

RECEIVING 

STREAM 

REQUIRED  - 2020 
(cfs) 

Pa. 

Westmoreland 

Greensburg 

Sewickley  Creek 

68 

Pa. 

Westmoreland 

Mt . Pleasant 

Shupes  Run 
Sherri cks  R\m 

11 

Pa. 

Westmoreland 

Scottdate 

Jacobs  Creek 

ll* 

Pa. 

Westmoreland 

Youngwood 

Jacks  Run 

5 

Pa. 

Westmoreland 

Hempfield 

(Carbon) 

Jacks  Run 

k 

Pa. 

Westmoreland 

Hempfield 

(Eastwood) 

Township  Line  Run 

6 

Pa. 

Westmoreland 

Hempfield 
(New  Stanton) 

Sewickley  Creek 

1 

Pa. 

Fayette 

Connellsville 

Youghiogheny  River 

260 

Pa. 

Somerset 

Somerset 

Coxes  Creek 

lit 
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WATER  QUALITY  OF  POTEafTIAL  RESERVOIR  SITES 

The  following  is  a preliminary  evaluation  of  the  water  quality 
characteristics  of  potential  reservoir  sites  in  the  Youghiogheny 
River  basin; 

1.  Jacobs  Creek 

A water  quality  reservoir  site  with  good  potential. 

The  stream  (3  samples)  heui  a pH  range  of  6. 6-8. 7,  conductsmce 
of  380-500  umhos, dissolved  oxygen  of  7.9-10.7  mg/l,  acidity 
of  6-28  mg/l,  alkalinity  of  27-29  mg/l^  hardness  of  155-380  mg/l, 
manganese  of  0.0-0. 2 mg/l,  sulfate  of  50-l40  mg/l,  chloride  of 
21-28  mg/l,  5-day  BOD  of  0.1-2. 9 mg/l,  iron  of  0.1-0. 6 mg/l, 
total  conform  of  k,k00- 31,000/ 100  ml,  fecal  coliform  of  5*+- 
6k/lOO  ml,  fecal  streptococci  of  68-6IO/IOO  ml.  Bottom  fauia 
at  this  station  was  scarce. 

2.  Laurel  Hill  Creek 

A water  quality  reservoir  site  with  good  potential. 

The  stream  (6  samples)  had  a pH  reuvge  of  6. 4-7. 3,  conductance 
of  41-90,  umhos/cm,  dissolved  oxygen  of  8.7-12.0  mg/l,  acidity 
of  5-26  mg/l,  alkalinity  of  3-21  mg/l,  hardness  of  32-56  mg/l, 
manganese  of  0.0-0. 3 mg/l,  sulfate  of  4-15  mg/l,  chloride  of 
2.6  mg/l,  5-day  BOD  of  0.2-2. 1 mg/l,  iron  of  0. 0-1.0  mg/l, 
total  coliform  of  10-l4,000/l00  ml,  fecal  coliform  of  2-420 
ug/l,  and  fecal  streptococci  of  2-1,600  mg/l.  This  station 
had  a low  density  of  bottom  organisms,  but  showed  no  evidence 
of  water  pollution. 
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3.  Upper  Casselman  River  (above  Sallsbuiy , Pa.)* 

A water  quality  reservoir  site  with  good  potential. 

The  stream  (3  samples)  had  a pH  range  of  6. 0-7. 8,  a conduc- 
tance of  50-290  umhos/cm,  dissolved  oxygen  of  7*5-12.6  mg/l, 
acidity  of  9-35  nig/l,  alkalinity  of  4-28  mg/l,  hardness  of 
5O-I54  mg/l,  manganese  of  0. 0-1.0  mg/l,  sulfate  of  20-94  mg/l, 
chloride  of  6-17  mg/l,  5-day  BOD  of  0. 4-3.1  mg/l,  iron  of  0.1- 
2.1  mg/l,  total  conform  of  6,000-98,000/100  ml,  fecal  con- 
form of  110-5, 300/100  ml,  and  fecal  streptococci  of  170-4,700/100  ml. 
The  bottom  fauna  at  this  station  is  characterized  by  an  abundance 
of  tolerant  forms  associated  with  domestic  pollution  recovery 
zones. 

4.  Upper  Youghiogheny  River  (above  Crenin,  Md.). 

A water  quality  reservoir  site  with  good  potential. 

The  stream  (3  samples)  has  a pH  range  of  6. 3-7*8,  a conduc- 
tance of  5O-I25  umhos/cm,  dissolved  oxygen  of  6.2-11.8  mg/l, 
acidity  of  0-27  mg/l,  alkalinity  of  5-46  mg/l,  hardness  of 
30-74  mg/l,  manganese  of  0.0-0. 5 mg/l,  sulfate  of  0-12  mg/l, 
chlorides  of  0-6  mg/l,  5-day  BOD  of  0. 2-3*0  mg/l,  iron  of 
0.4-3. 5 mg/l,  total  conform  of  240—  2^<  ,000/100  ml,  fecal 
conform  of  2-650/IOO  ml,  and  fecal  streptococci  of  2-730/100  ml. 
Aquatic  organisms  at  this  station  were  few.  They  consisted 
predominately  of  intolerant  forms. 
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MmE  DRAINAGE  EFFECTS  ON  (JOALIW  OP  HATER 

The  following  areas  in  the  Youghiogheny  River  basin  are 
polluted  and  severely  degraded  by  mine  drainage.  The  damaging 
characteristics  of  mine  drainage  are  high  acidity,  low  pH,  and 
high  concentrations  of  iron,  manganese,  sulfate  hardness,  and 
dissolved  solids. 

A.  The  Youghiogheny  River  just  above  McKeesport,  and 
below  Connellsvllle  and  the  Casselman  River  is 
affected  by  high  acidity. 

B.  Snowy  Creek  in  the  extreme  headwaters  of  the  basin 
has  been  affected  by  high  acidity,  iix>n,  manganese, 
sulTate,  euid  heurdness.  Current  mine  drainage 
remedial  work  may  improve  the  water  quality  in  this 
stream. 
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Request  and  Authority 

In  a letter  dated  October  19^7,  the  Pittsburgh  District, 

U.  S.  Amy  Corps  of  Engineers,  requested  the  Federal  Water  Pollution 
Control  Administration,  Wheeling  Field  Station,  Ohio  River  Basin 
Project  to  prepare  a generalized  framework  type  report  on  the  follow- 
ing drainage  basins  which  are  potential  water  development  areas  In 
the  Appalachian  Region: 

Conewango  Creek  basin.  New  York 
Cassadaga  Creek  basin.  New  York 

Brokenstraw  Creek  basin,  Pennsylvania  and  New  York 
Raccoon  Creek  beisln,  Pennsylvania 

Big  Sandy  Creek  basin.  West  Virginia  and  Pennsylvania 
Dunkard  Creek  basin.  West  Virginia  and  Pennsylvania 

The  authority  to  conduct  this  study  is  contained  in  the  Appala- 
chian Redevelopment  Act  of  I965  PL  89-4,  Section  206-C. 

Purpose  and  Scope 

This  study  determines  the  general  projected  need  of  streamflow 
for  water  supply  and  water  quality  control  in  the  above  mentioned 
drainage  basins.  These  needs  are  based  on  population  benchmarks 
that  reflect  the  developmental  effect  of  the  Appalachian  Program 
on  the  area.  The  report  Is  generalized  euid  Is  not  intended  to  be 
utilized  for  authorization  of  water  development  projects  at  specific 
locations.  It  Is  intended  that  specific  streamflow  requirements 
given  in  this  report  be  used  to  screen  potential  reservoir  projects 
for  more  detailed  evaluation  In  the  future. 
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Rationale  Utilized  in  this  Study 

This  r«port  evaluates  the  general  municipal  and  industrial  water 
supply  and  water  quality  control  needs  in  terns  of  total  streamflow 
requirements  by  the  year  2020  in  areas  which  will  need  additional 
storage  to  solve  low  flow  problems.  In  analyzing  potential  problem 
areas,  it  was  assumed  that  existing  communities  would  grow  at  the  same 
rate  as  indicated  by  their  respective  county  population  benchmark  pro- 
jections. Industrial  water  use  and  waste  loads  were  based  upon  bench- 
mark employment  projections  as  disaggregated  to  the  county  level  by 
the  I'.  S.  Army  Corps  of  Engineers,  Pittsburgh  District.  Such  projec- 
tions were  further  distributed  to  stream  reaches  according'  to  location 
of  present  industrial  firms  and  to  the  apparent  land  availability 
adjacent  to  the  major  streaiTiS. 

The  streamflow  needs  given  in  the  tables  do  not  necessarily 
agree  with  needs  given  in  other  reports  prepared  by  FWPCA  because 
of  the  use  of  different  economic  projection  data. 
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COMEMAICO  CREEK  AMD  CAS5A])AGA  CREEK  BASIHS,  NEW  YORK 

Calculations  based  on  the  developmental  benchmark  projections 
indicate  that  there  is  a need  for  storage  to  provide  low- flow  aug- 
mentation on  Cassadaga  Creek  below  Jamestown,  New  York  for  proper 
waste  assimilation  after  secondary  treatment  of  municipal  and  indus- 
trial organic  wastes.  The  total  flow  requirement  projected  for  the 
year  2020  is  200  cubic  feet  per  second. 

Stream  samples  (2)  at  station  801  on  Conewango  Creek,  several 
miles  southeast  of  Jamestown,  New  York,  had  pH  values  of  7»1  and  T-3> 
conductance  of  1^5  and  230  uahos/cm,  dissolved  oxygen  of  9*5 
11.5  acidity  of  12  and  28  mg/l,  alkalinity  of  26  and  59  mg/l, 

hSLTdness  of  ^3  and  83  mg/l,  sulfates  of  15  and  25  mg/l,  total  iron 
of  0.*^  and  1.2  mg/l,  manganese  of  0.1  and  0.2  mg/l,  turbidity  of  * 
and  18  J.C.U.,  arsenic  0 mg/l,  chloride  of  8 and  12  mg/l,  BOD^  of 
1.4  mg/l,  fecsLL  coliform  of  80  and  l,100/l00  ml,  fecal  streptococci 
of  30  and  550/100  ml,  total  coliform  of  3^0  and  9,000/100  ml,  total 
solids  of  l48  mg/l,  dissolved  solids  of  142  mg/l,  suspended  solids 
of  6 mg/l,  phenols  0 mg/l,  cyanide  0 mg/l,  and  hex.  chromium  0 mg/l. 

Conewango  Creek  is  characterized  by  a reduced  bottom  fauna. 

The  substrate  was  poor  and  there  was  considerable  slltatlon. 

Although  no  laboratory  euialyses  are  available  for  Cassadaga 
Creek,  an  aquatic  biologic  reconniassance  survey  showed  that  the 
bottom  fauna  was  dominated  by  a variety  of  clean  water  forms.  The 
stream  was  clear,  however  a ter-like  material  was  observed  in  the 
substrate . 
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BROKERSTRAW  CREEK  BASIN,  PENNSYLVANIA  AND  MEW  YORK 

Brokenstraw  Creek  is  reported  to  be  an  excellent  stream  for  trout 
fishing.  The  stream  is  usually  stocked  each  year.  The  ponding  of  any 
section  of  this  stream  would  destroy  the  trout  fishing  in  that  section. 

Stream  samples  (2)  taken  at  Station  600  in  Pennsylvania  had  pH 
values  of  7.1  and  T.7,  conductance  of  70  and  130  umhos/cm,  dissolved 
oxygen  of  11.5  mg/l,  acidity  of  0 and  9 nig/l,  alkalinity  of  22  and  25 
mg/l,  hardness  of  40  mg/l,  sulfate  of  15  and  20  mg/l,  total  iron  of 
0.6  and  1.0  mg/l,  manganese  of  0 and  0.2  mg/l,  turbidity  of  4 and  40 
J.C.U.,  chloride  of  6 and  8 mg/l,  BOD5  of  0.8  and  2.7  mg/l,  total  con- 
form of  380  and  2500/100  ml,  fecal  coliform  of  60  and  760/IOO  ml,  and 
fecal  streptococci  of  80  and  9,500/l00  ml. 

The  bottom  fauna  of  Brokenstraw  Creek  was  composed  of  a wide  vari- 
ety of  benthic  forms.  The  stream  was  clear  and  appeared  to  be  in  good 
condition. 

The  community  of  Corry,  Pennsylvania  is  presently  using  a number  of 
wells  as  their  water  supply  source.  Future  projections  indicate  addition- 
al water  will  be  needed.  This  could  be  accomplished  either  through  expan- 
sion of  the  present  well  field  or  from  storage  of  surface  water. 

There  is  need  for  surface  storage  to  provide  low  flow  augmentation 
for  water  quality  control  on  Hare  Creek  at  Corry,  Pennsylveuiia.  It  is 
estimated  that  a total  flow  of  15  cfs  will  be  needed  by  the  year  2020 
for  proper  waste  assimilation. 


S’ 

'i- 


■> 


1 


D-272 


5 


IL 


RACCOON  CBEEK  BASIN.  PENNSYLVANIA 

Raccoon  Crook  above  Burgettstofwn,  W&ishlngton  County,  Pennsyl- 
vania, is  not  affected  by  mine  drainage.  However,  below  Burgetts- 
town,  the  Raccoon  is  severely  degraded  because  of  several  tributaries 
that  are  severely  degraded.  The  water  in  Raccoon  downstream  from 
Burgettstown  is  not  satisfactory  for  water  supply,  water  quality  con- 
trol, or  recreation.  Tributaries  to  the  Raccoon  in  Beaver  County, 
however,  are  not  affected  by  mine  drainage. 

Stream  samples  (6)  at  station  5Q8>  several  miles  downstream  p 

'i 

from  the  dam  site  had  a pH  range  of  3-3  to  ^.1,  conductance  of  800- 

2.000  urahos/cm,  dissolved  oxygen  of  6.1  - 8.7  mg/l,  acidity  of 
131-362  mg/l,  alkalinity  of  0 mg/l,  hardness  of  3^5-816  mg/l,  sul- 
fates of  305-800  mg/l,  total  iron  of  0.1  - J.2  mg/l,  manganese  of 

1.1  - 14.7  mg/l,  aluminum  of  0-69.^  chloride  of  31  n>g/l» 

Along  Raccoon  Creek  the  rocks  were  stained  red  and  were  apparent- 
ly somewhat  cemented  together.  There  was  also  a grayish  deposit  on 
the  rocks.  The  variety  of  bottom  fauna  was  low,  and  was  dominated 
by  pollution- tolerant  forms. 

There  are  no  known  major  water  supply  or  water  quality  control 
problems  in  the  immediate  vicinity  of  the  proposed  reservoir  site. 
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DUMKARD  CHEEK  BASIN,  WEST  VIRGINIA  AMD  PENNSYLVANIA 

Laboratory  analyses  of  stream  samples  obtained  from  stations 
along  Dunkard  Creek  are  given  below.  These  analyses  show  that  the 
water  downstream  from  Bobtown,  Pennsylvania  (Station  0444)  is  severe- 
ly degraded  by  mine  drainage,  whereeus  those  analyses  from  stations 
upstream  from  Bobtown,  Pennsylvania  (0445,  0333 > 0332,  and  08ll) 
show  water  of  better  quality. 

Stream  samples  (9),  at  station  0444  about  2 miles  above  Mount 
Morris,  Pennsylvania,  had  a pH  reuige  of  3*1  to  7.5>  conductance  of 
240-3500  mg/l,  dissolved  oxygen  of  6.9  - 11.5  nig/l,  acidity  0.0  - 
535  JTig/lf  alkalinity  of  0.0  - 82.0  mg/l,  hardness  of  94-820  mg/l, 
sulfate  of  T9  - 1500  mg/l,  total  iron  of  2.2  - 22.2  mg/l,  manganese 
of  0.2  - 6.0  mg/l,  chloride  of  44  - 101  mg/l,  BOD^  of  0 - 6.5  mg/l, 
total  conform  of  Il6-l4, 200/100  ml,  fecal  coliform  of  2 - 490/100  ml, 
and  fecal  streptococci  2-17o/iOO  ml. 

Stream  samples  (6)  at  station  0445  upstream  from  Shannopin, 
Pennsylvania,  had  a pH  range  of  6.4  to  8.1,  conductance  of  200-2,800 
umhos/cm,  dissolved  oxygen  of  8.4  - 9.7  mg/l,  acidity  of  0.0  - 37.0 
mg/l,  alkalinity  of  26-I3O  mg/l,  hardness  of  78-390  mg/l,  sulfates 
of  51-900  mg/l,  total  iron  of  0.2  - 2.7  mg/l,  manganese  of  0,0  - 0.1 
mg/l,  turbidity  of  25  J.C.U.,  chloride  of  34-147  mg/l,  BOD^  of  2-3 
mg/l,  fecal  coliform  of  30  - 4to/100  al,  fecal  streptococci  of 
170  - 630/100  ml,  and  total  coliform  of  2,500  to  82,000/100  ml. 
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A stream  sample  taken  February  2,  1967  at  Station  0333  on 
Dunkard  Creek  on  the  West  Vlrglnlei-Pennsylvanla  line  about  a mile 
upstream  from  Mount  Morris,  Pennsylvania  had  a pH  of  6.9^  conductance 
of  420  umhos/cm,  dissolved  oxygen  of  10. 5 mg/l,  acidity  of  0 mg/l, 
alkalinity  of  35  nig/lj  hardness  of  95  sulfate  of  80  mg/l, 

total  Iron  of  0.7  ag/l,  manganese  of  0.2  mg/l,  chloride  of  4l  mg/l, 
BOD^  of  0.5  mg/l,  total  collform  of  l4o/l00  ml,  feceil  collform  of 
30/100  ml,  fecal  streptococci  of  I30/IOO  ml,  toteO.  solids  of  266 
mg/l,  dissolved  solids  of  252  mg/l,  and  suspended  solids  of  14  mg/l. 

A stream  sample  taken  February  2,  I967  at  Station  0332  on 
Dunkard  Creek  on  the  West  Virginia- Pennsylvania  line,  about  a mile 
down-stream  from  Blacksvllle,  West  Virginia,  had  a pH  of  7.1,  con- 
ductance of  190  umhos/cm,  dissolved  oxygen  of  11.9  mg/l,  acidity  rf 
0 mg/l,  alkalinity  of  26  mg/l,  hardness  of  59  mg/lj  sulfate  of  35 
mg/l,  total  Iron  of  0.4  mg/l,  manganese  of  0.2  mg/l,  chloride  of 
11  mg/l,  BOD^  of  0.5  mg/l,  total  collform  of  4300/100  ml,  fecal 
collform  of  I2OO/IOO  ml,  fecal  streptococci  of  64o/lOO  ml,  toteLL 
solids  of  106  mg/l,  dissolved  solids  of  96  mg/l,  and  suspended 
solids  of  10  mg/l. 

A stream  sample  taken  February  2,  I967  at  Station  08II  on  the 
headwaters  of  Dunkard  Creek  at  Shamroek,  Pennsylvania,  had  a pH  of 
7»5>  conductance  of  145  umhos,  acidity  of  0 mg/l,  eOkallnlty  of 
21  mg/l,  hardness  of  56  mg/l,  sulfate  of  30  mg/l,  total  Iron  of 
1.0  mg/l,  manganese  of  0.2  mg/l,  chloride  of  8 mg/l,  BOD^  of  0.6  mg/l, 
total  conform  of  lOOO/lOO  ml,  fecal  collform  of  3IO/IOO  ml,  fecal 
streptococci  of  370/100  ml,  total  solids  of  96  mg/l,  dissolved  solids 
of  82  mg/l,  and  suspended  solids  of  l4  mg/l. 
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The  upper  portion  of  Dunkard  Creek  supports  a variety  of  clean 
water  benthic  forms.  The  lower  portion  of  the  stream  near  Bobtown, 
Pennsylvania,  has  a severely  reduced  bottom  fauna  and  the  bottom 
is  covered  with  a heavy  orange  precipitate. 

There  are  no  known  major  water  supply  or  water  quality  control 
problems  in  the  immediate  vicinity  of  the  proposed  reservoir  site. 
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BIG  SAfny  CHEaC  BASIS,  WEST  VIRGIHIA  AMD  PEWNSYLVAHIA 

Big  Sandy  Creek  at  Bruceton  Mills,  Preston  County,  West  Virginia, 
supports  typical  clean  water  benthic  forms.  This  section  of  the 
stream  is  annually  stocked  with  trout  by  the  West  Virginia  Depajrt- 
ment  of  Natural  Resources. 

A stream  sample  taken  on  February  1,  19^7  at  station  8l8  In 
Big  Sandy  Creek  In  Pennsylvania  had  a pH  of  7*3,  conductance  of 
65  umhos/cm,  acidity  of  17  mg/l,  alkalinity  of  12  mg/l,  hardness  of 
21  mg/l,  sulfate  of  15  mg/l,  total  Iron  of  0.3  mg/l,  manganese  of 
0.2  mg/l,  turbidity  of  9 J.C.U.,  chloride  of  8 mg/l,  BOD5  of  0.1  mg/l, 
total  conform  of  200/100  ml,  fecal  collform  of  lO/lOO  ml,  fecal 
streptococci  of  20/IOO  ml,  toteil  solids  of  ^3  mg/l,  dissolved  solids 
of  39  mg/l,  and  suspended  solids  of  4 mg/l. 

There  are  no  known  major  water  supply  or  water  quality  control 
problems  along  Big  Sandy  Creek.  The  water  Is  of  acceptable  quality 
for  recreational  purposes. 
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Ohio  River  Basin  Project 

550  Main  Street,  Room  7405,  Cincinnati,  Ohio  45202 

October  13,  196? 
Your  reference: 

Colonel  William  D.  Falck  ORHED-PK 

District  Engineer 

U.S.  Array  Engineer  District,  Himtington 
P.O.  Box  2127 

Huntington,  West  Virginia  25721 
Dear  Colonel  Falck: 

The  report  on  "Water  Resources  Study  - Whiteoak  Creek  Basin  - Ohio," 
dated  August  1962,  has  been  re-evaluated  based  upon  the  Developmental 
Benchjnarks,  as  requested  in  your  letter  of  April  28 ^ I967. 


Projected  municipal  and  industriail  water  supply  requirements  are  as 
follows : 


19  80 

2000 

2020 

Whiteoak  Creek  Basin 

1.65  MGD 

4.70  MGD 

6.20  MGD 

Georgetown 

0.40 

1.20 

1.80 

Mount  Orab 

0.20 

0.50 

0.85 

Sardinia 

0.10 

0.30 

0.45 

Mowrystown 

0.06 

0.08 

0.10 

At  the  present  time  there  are  only  three  municipal  water  systems  in  the 
basin.  They  are  Georgetown,  Mount  Orab  and  Sardinia,  using  Whiteoak  Creek, 
Sterling  Run  and  East  Fork  respectively  as  so\irces  of  supply.  Mowrystown 
relies  on  individual  wells  and  cisterns  for  their  supply.  Mowrystown  is 
in  an  area  in  which  wells  yielding  5 to  25  gallons  per  minute  can  be  developed; 
however  it  appears  that  in  the  near  future  they  will  require  a municipal 
water  supply  and  have  therefore  been  included  in  the  projections. 

Due  to  the  anticipated  location  of  future  manufacturing  industries  and 
lack  of  heavy  water  using  industries  in  the  past,  no  projections  were 
derived  for  heavy  water  using  industries  for  the  future.  However,  sho\ild 
industries  locate  in  the  basin  as  indicated  in  the  U.S.  Army  Corps  of 
Engineers  "Appendix  A,  Industrial  Development  Plan",  water  supply  require- 
ments could  increase  by. another  1.7  MGD  in  the  year  2020. 

Georgetown  is  the  only  community  located  downstream  from  the  proposed 
reservoir  and  is  therefore  the  only  community  whose  waste  could  be 
assimilated  by  water  released  from  that  reservoir. 
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The  assimilative  capacity  of  a stream  during  the  average  seven-day-once- 
in-ten-year  low  flow  is  used  as  the  criteria  for  determining  the  need  for 
flow  regulation  for  water  quality  control.  It  is  assumed  that  secondary 
treatment,  removal  of  biochemical  oxygen . demand  (BOD),  will  be  pro- 
vided by  the  community  of  Georgetown.  The  residual  waste  waters  are 
assumed  to  have  an  ultimate  BOD  of  45  milligrams  per  liter  (mg/l) , and 
a volume  estimated  to  be  90%  of  the  projected  municipal  and  industrial 
water  demand.  The  periods  of  critical  flow  will  generally  occur  in  the 
summer  or  early  fall  months;  therefore,  the  natural  flow  and  water  released 
from  the  reservoir  during  the  critical  period  is  assumed  to  have  the  follow- 
' ing  ciiaracteristics : 

I 

! a, 

! 

I d. 

f e. 

Based  on  ti.e  volume  of  waste  water  and  the  above  assumptions,  the  following 
[ is  a tabulation  of  the  minimum  stream  flows  required  which  would  prevent 

[ the  DO  in  the  stream  from  fallirig  below  4 mg/l. 


average  temperature  of  20°C 
BOD  of  3 mg/l 

dissolved  oxygen  (DO)  of  80^  saturation,  or  7.2  mg/l 
deoxygenation  constant  "k^"  of  0.10 
reoxygenation  constant  of  0.20 


I 

I 


1V80 

2000 

2020 


Waste  Water 
Flow 
MGD 


0,40 

1.10 

1.65 


Minimum 
Stream  Flow 
Required  cfs 

1.7 

4.7 
7.0 


Without  ilow  regulation  the  seven-day-e'r.c>'-in-ten-year  low  flow  at  George- 
town is  about  0.1  cfs.  Since  tils  value  is  below  the  projected  minimum 
flow  requirements,  it  is  evident  that  flow  regulation  or  other  measures 
must  be  initiated  to  protect  the  water  quality  in  Whitecak  Creek  below 
Georgetown.. 


In  l/'t5,  the  community  of  Mount  Grab  placed  into  operation  a new  sewage- 
treatment  plant  providing  secondary  tr«.at.ment.  Tils  eflluent  is  disc.narged 
into  Sterling  Run  wtiich  feeds  into  Lake  Grat.t.  It  is  assum.ed  t..at  Sardinia, 
located  on  the  Fast  i-'ork  of  Wniteoak  Creek  about  riles  above  tne  proposed 
reservoir,  will  provide  secondary  treat.T.er.t  for  their  wastes. 

The  small  quantities  of  waste  water  flow  from  i-bunt  Grab  anu  Garolila  in 
relation  to  ti.e  volume  of  water  in  tne  proposed  reservoir  should  not,  with 
prom-r  operation  of  the  reservoir,  ci".ate  any  nuisan.ce  in  t;.^.  reservoir. 

Ginsvrely  yours, 


Victor  F.  ileltn 
Deputy  Project  Director 


R IG  anto  r : JWl' /mt 


l)-,kO 


APPALACHIA  PROGRAM 

WATER  SUPPLY  AND  WATER  QUALITY  CONTROL  NEEDS 
ST.  PETERSBURG  RESERVOIR 
CLARION  RIVER,  PENNSYLVANIA 
ALLEGHENY  RIVER  BASIN 


prepared  for 

U.  S.  DEPARTMENT  OF  THE  ARMY 
CORPS  OF  ENGINEERS-APPALACHIA  STUDY 
U.  S.  ARMY  ENGINEER  DISTRICT 
PITTSBURGH,  PENNSYLVANIA 

by 

U.  S.  DEPARTMENT  OF  THE  INTERIOR 
FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 
OHIO  BASIN  REGION 
WHEELING  FIELD  STATION 


December  196? 


4. 


TABLE  OF  CX)llTEmS 


SECTIOW  PAGE  EO. 

Request  and  Authority I 

Purpose  and  Scope I 

Simary  of  Findings 2 

Physical  Data 3 

Economy 6 

Present  Water  Use 11 

Present  Water  Quality 11 

Water  Quality  Objectives 17 

Water  Supply  Needs 21 

Water  Quality  Control  Needs 22 

Benefits 26 

Bibliography 27 

Clarion  River  Basin,  Mine  Drainage  Source  Investigation.  Appendix  I 


LIST  OF  FIGURES 


FIGURE  mJMBER  FOLLOWS  PAGE 

1 Proposed  St.  Petersburg  Reservoir, 

Clarion  River,  Allegheny  River  Basin 27 

2 Principal  Mine  Drainage  Soiirces 1-3 

Toby  Creek  Watershed  (Jefferson  County) 

3 Principal  Mine  Drainage  Sources 1-6 

Toby  Creek  Watershed  (Clarion  County) 

U Principal  Mine  Drainage  Sources 1-8 

Piney  Creek  Watershed 

5 Principal  Mine  Drainage  Sources I-ll 

Mill  Creek  Watershed 

6 Principal  Mine  Drainage  Sources 1-14^ 

Licking  Creek  Watershed 

T Principal  Mine  Drainage  Sources 1-17 

Deer  Creek  Watershed 

8 Tributary  Watersheds  Studied 1-21 

Clarion  River  Basin 


1 


LIST  OF  TABLES 


TABLE  NO.  PAGE 

1 Reservoir  Data-  Allegheny  and 

Monongahela  Basins ^ 

2 Low  Flow  Frequency  Data 5 

3 Number  and  Employment  Size  of 

Manufacturing  Plants 7 

4 Summary  of  Net  Employment  Change  from 

1962  to  2020  Based  Upon  Benchmark 
Projections 9 

5 Benchmark  Population  Projections 10 

6 Municipal  Water  Use 12 

7 Municipal  Sewerage  Facilities 


19 


L 


Request  and  Authority 

In  a letter  dated  3 March,  19^7 , the  U.  S.  Army  Corps  of  Engineers 
District  Engineer,  Pittsburg  District,  requested  the  Federal  Water  Pollu- 
tion Control  Adalni strati on  to  study  the  proposed  St.  Petersburg  Reservoir 
Project  vlth  respect  to  potential  water  development  for  water  supply  and 
water  quality  control. 

This  report  was  prepared  under  the  authority  of  the  Appalachian 
Regional  Development  Act  of  1965»  P-  D.  89-^,  Section  206C. 
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Purpose  and  Scope 

The  purpose  of  this  investigation  was  to  detemiine  the  need  for  and 
value  of  water  supply  and/or  water  quality  control  storage  in  the  proposed 
St.  Petersburg  Reservoir,  located  on  the  Clarion  River  In  Clarion  County, 
Pennsylvania.  Economic  projections  were  based  upon  the  developmental 
benchmarks  supplied  by  the  U.  S.  Army  Corps  of  Engineers,  Pittsburgh 
District. 

In  analyzing  water  supply  and  water  quality  control  needs  consideration 
was  given  to  present  and  potential  water  uaars  and  waste  sources  along  the 
Allegheny  River  from  the  Allegheny  River  Reservoir  near  Warren,  Pennsylvania, 
to  Pittsburgh,  Pennsylvania;  the  Ohio  River  from  Pittsburgh,  Pennsylvania, 
to  the  Pennsylvania-West  Virginia  state  line,  and  areas  adjacent  to  the 
proposed  St.  Petersburg  Reservoir.  The  study  was  focused  on  the  lower 
reaches  of  the  Allegheny  River  and  the  Ohio  River  in  the  vicinity  of 
Pittsburgh.  Pennsylvania  and  this  area  presently  has  an  established 
large  municipal  and  Industrial  complex. 
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Summary  of  Findings 

The  existing  water  resources,  with  Allegheny  River  Reservoir  in 
operation,  can  adequately  meet  the  projected  municipal  and  industrial 
water  supply  requirements  of  the  study  area. 

The  present  stream  flow  conditions  of  the  Allegheny  River  can 
adequately  provide  proper  assimilation  of  treated  municipal  and 
industrial  wastes  under  present  and  projected  economic  conditions. 

There  is  a need  for  storage  to  provide  low  flow  augmentation  for 
projected  water  quality  control  needs  on  the  Ohio  River  near  Pittsburgh, 
Pennsylvania.  Computations  indicate  that  about  110,000  acre  feet  of 
storage  is  required  to  meet  these  flow  needs  nine  out  of  ten  years  as 
projected  to  the  year  2020.  The  average  annual  benefit  from  providing 
such  storage  is  $1,001,000. 

The  qviality  of  water  in  the  Clarion  River  is  degraded  by  acid  mine 
drainage  and  therefore  storage  for  water  qviality  control  is  not  recom- 
mended in  St.  Petersburg  Reservoir  unless  corrective  measures  are 
applied  to  the  existing  acid  drainage  sources. 
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The  irroposed  St.  Petersburg  Reservoir  daa  site  Is  located  on  the 
Clarion  River  near  Its  aouth,  about  2 sdles  east  of  the  Allegheny  River 
bridge  at  Foxburg,  Pennsylvania.  The  proposed  reservoir  site  has  an 
approximate  storage  capacity  of  800,000  acre  feet  at  the  full  pool 
elevation  of  ll4o  feet  and  would  control  a drainage  area  of  1231  square 
miles.  A considerable  portion  of  the  proposed  800,000  acre  feet  Is  avail- 
able as  storage  for  water  supply  and/or  low  flow  augmentation  for  water 
quality  control. 

The  Clarion  River  Joins  the  Allegheny  River  near  Parker,  Pennsylvania. 

The  Allegheny  is  a free  flowing  river  at  that  point,  but  soon  becomes 
navigable  in  the  vicinity  of  East  Brady,  Pennsylvania,  which  is  located 
about  20  miles  downstream  from  Parker.  There  are  ei^t  navigation 
structures  on  the  Allegheny  River  between  East  Brady,  Pennsvlvania,  and 
the  point  at  which  it  Joins  the  Monongahela  River  at  Pittsburgh,  Pennsylvania, 
a distance  of  72  miles.  Thus,  the  major  i>ortion  of  the  Allegheny  River 
below  the  proposed  St.  Petersburg  Reservoir  is  a series  of  navigation  pools. 

There  are  several  existing  reservoirs  located  In  the  Allegheny  and 
Monongahela  basins,  some  of  which  have  an  effect  on  low  flow  conditions 
in  the  study  area.  Existing  and  authorized  Corps  of  Engineers'  reservoirs 
in  the  Allegheny  basin  are  located  on  Figure  1.  Table  1 presents  a 
summary  of  physical  data  related  to  the  reservoirs  which  have  an  effect 
on  the  surface  water  resources  in  the  study  area. 
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TABLE  I 

RESERVOIR  DATA 

ALLEGHENY  AND  MOIOIIGAHELA  BASIES 


Storage  - Sumer 

Season  (1000  Ac. 

Ft.) 

Reservoir 

Flood 

Quality 

Conservation 

Total 

Allegheny  River  l/ 

6ot 

5*^9 

24 

1180 

Coneaaugh  River  1/ 

270 

— 

4 

274 

Crooked  Creek  1/ 

89 

— 

5 

94 

East  Branch,  Clarion  River  l/  19 

6k 

1 

84 

Loyalhanna  l/ 

93 

— 

2 

95 

Tionesta  l/ 

125 

— 

8 

1.33 

Rowlesburg*2/ 

251 

572 

9 

832 

Tygart  River  2/ 

178 

100 

10 

288 

Youghlogheny  River  2/ 

100 

149 

5 

254 

Stonewall  Jackson**  2/ 

27 

46 

2 

75 

♦Authorized  for  construction  on  Cheat  River 
♦♦Authorized  for  construction  on  West  Fork  River 

1/  Allegheny  River  basin  (See  Figure  1.) 

2/  Monongahela  River  basin  (Not  shown  Figure  1.) 

U.  S.  Geological  Survey  streaaflav  aeasuring  stations  are  located  at 
several  points  in  the  study  area.  A suanary  of  low  flow  frequency  data 
at  key  stations  is  given  in  Table  2.  Allegheny  River  flow  data  is 
presented  under  natural  conditions  and  as  au^ented  by  East  Branch  and 
Allegheny  Reservoirs.  Ohio  River  flow  data  is  presented  under  natural 
flow  conditions  and  with  low  flow  augpientatlon  froa  !^gart,  Youghlogheny, 
East  Branch,  and  Allegheny  Reservoirs  and  the  authorized  Rowlesburg  and 
Stonewall  Jackson  Reservoirs. 
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Economy 

Pittsburgh,  Pennsylvania,  is  the  most  highly  populated  and  largest 
economic  center  in  the  study  area.  Here  the  Allegheny  and  Monongahela  Rivera 
Join  to  form  the  Ohio  River,  thus  creating  a vast  potential  for  heavy  water 
using  industries  along  the  three  rivers. 

Presently,  the  Pittsburgh  area  supports  various  industries,  the  bulk  of 
which  are  primary  metals  production  and  fabrication,  chemical  production 
and  research,  and  clay,  stone  and  glass  production.  In  recent  years  there 
has  been  a trend  away  from  expansion  of  primary  metals  production  toward  the 
establishment  of  chemical  industries.  A recent  article  in  the  magazine 
Chemical  Week  (l)  points  out  that  "Pittsburgh  has  become  Chemical  City,  with 
the  largest  conglomeration  of  chemical  producers,  builders  and  researchers 
in  the  country." 

The  concentration  of  Industry  decreases  as  one  travels  upstream  along 
the  Allegheny  River.  The  portion  of  Allegheny  River  in  Allegheny  and  West- 
moreland Counties  supports  a variety  of  industries  the  largest  of  which  are 
primary  metal  production  and  fabrication  and  stone,  clay  and  glass  production. 
In  Armstrong  County  most  industries  along  the  Allegheny  River  are  located 
in  the  communities  of  Ford  City  and  Kittanning,  Pennsylvania. 

Table  3 presents  a summary  of  the  number  and  employment  size  of 
manufacturing  plants  located  in  the  study  area. 


D-286 


TABLE  3 
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NUMBER  AND  EMPLOYMENT  SIZE  OF  MANUFACTURING  PLANTS 

(From  McGraw-Hill  Survey  of  Industrial  Plants,  1964) 
(Allegheny,  Armstrong,  Beaver,  Butler,  Clarion, 
Washington  and  Westmoreland  Counties,  Pennsylvania) 

Over 


SIC 

20-49 

50-99 

100-249 

250-499 

500-999 

1000 

Total 

20 

Food  and  Kindred 
Products 

66 

24 

20 

6 

5 

1 

122 

22 

Textile  Mill 
Products 

3 

- 

- 

- 

- 

- 

3 

23 

Apparel  and 

Related  Products 

- 

1 

5 

1 

- 

- 

'7 

24 

Lumber  and  Wood 

- 

- 

2 

- 

1 

- 

3 

2S 

Furniture  and 
Fixtures 

2 

3 

3 

1 

- 

- 

9 

26 

Paper  and  Allied 
Products 

2 

1 

9 

5 

- 

- 

17 

2: 

Printing  and 
Publishing 

- 

- 

10 

2 

2 

1 

15 

28 

Chemicals  and 
Allied  Products 

29 

8 

16 

2 

1 

- 

56 

29 

Petroleum  and 
Coal 

1 

2 

3 

3 

- 

- 

9 

30 

Rubber  and 
Plastics 

8 

6 

2 

2 

1 

- 

19 

32 

Stone,  Clay  and 
Glass 

9 

11 

30 

12 

12 

1 

75 

33 

Primary  Metals 

26 

13 

21 

15 

8 

31 

113 

3^ 

Fabricated 

Metals 

63 

4o 

25 

14 

5 

4 

151 

35 

Machinery',  except 
Electri cal 

53 

33 

26 

7 

- 

6 

125 

-Jir' 

Electrical 

14 

9 

8 

3 

3 

8 

'♦5 

Machinery 
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TABLE  3 (continued) 


8 


SIC  20-49 

37  Transportation  5 

Equipment 

38  Instruments  5 

and  Related 
Products 

39  Miscellaneous  5 

TOTAL  291 


30-99  100-249  230-499  300-999 
321 

7 3- 


5 

163 


5 

190 


4 

78 


Over 

1000 


38 


58 


Total 

15 

17 

12 

820 


Population  and  Industrial  employment  projections  used  In  the  analyses 
of  potential  water  supply  and  water  quality  problems  were  based  upon  the  develop- 
mental benchmark  projections  disaggregated  to  the  county  level  by  the  Corps  of 
Engineers.  In  analyzing  potential  problem  areas,  It  was  assumed  that  existing 
communities  would  grow  at  the  same  rate  as  Indicated  by  their  respective  county 
population  benchmarks. 

A significant  factor  relating  to  the  potential  growth  of  large  water 
using  Industries  along  the  Allegheny  River  Is  the  availability  of  flat  land 
or  flood  plain  adjacent  to  the  river.  The  Allegheny  River  is  relatively  narrow 
as  it  cuts  through  the  mountains  and  rolling  hills  of  western  Pennsylvania.  Most 
of  the  suitable,  large  industrial  sites  have  already  been  utilized  for  municipal 
and  Industrial  growth.  The  Corps  of  Engineers,  however,  has  supplied  specific, 
potential  sites  on  which  Industrial  expansion  Is  predicted.  These  sites 
range  In  size  from  17  to  I38  acres. 

The  bulk  of  growth  Is  anticipated  as  new  chemical  producing  Industries. 

Since  many  of  the  potential  sites  are  small  In  size,  new  Industrial  establish- 
ments will  likewise  be  limited  in  production  and  futxire  expansion. 

Table  4 presents  a summary  of  the  net  employment  change  from  I962  to  2020, 
by  counties,  for  the  large  water  using  Industries. 

Table  3 presents  the  county  population  projections. 
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All  along  Monongahela  River 
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TABLE  3 

Benchmark  Population  Projections 


County 

i960 

1980 

2000 

2020 

Allegheny  County 

1,628,587 

1,667,500 

1,940,400 

1,981,700 

Beaver  County 

206, 9U8 

302,^00 

438,300 

468,900 

Washington  County 

217,271 

257,200 

325,600 

506, 100 

Westmoreland  County 

352,629 

418,900 

532,200 

831,000 

Clarion  County 

37,i^08 

56,400 

70,000 

174,300 

Clarion  Borough* 

1^,958 

8,800 

17,000 

57,000 

Armatrong  County 

T9,52U 

82,100 

83,900 

98,000 

Butler  County 

11^,639 

170,200 

469,000 

516,000 

TOTAL 

2,637,006 

2,954,700 

3,859,400 

4,576,000 

^Figures  for  Clarion 
County  figiires  and 

Borough  are  included  as  a part  of 
should  not  be  included  in  summation 

the  Clarion 
for  the  total 

values . 
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Present  Water  Use 

There  are  nany  cctnraunities  along  the  Allegheny  and  Ohio  Rivers  which 
obtain  their  water  supplies  from  either  the  ground  water  resources  of 
alluvium  deposits  or  surface  sources.  Table  6 presents  a summary  of  the 
major  communities  which  utilize  these  sources  for  their  water  supplies. 

The  community  of  Clarion,  Pennsylvania,  presently  obtains  its  water 
supply  from,  several  wells  which  have  a limited  potential  yield  and  the 
water  is  of  relatively  poor  quality. 

Water  is  p'amped  from  the  Allegheny  River  in  the  vicinity  of  East  Brady, 
Pennsylvania,  across  the  drainage  divide  to  temporary  storage  reser'/oirs 
and  used  for  industrial  and  municipal  water  supply  at  the  community  of 
Butler,  Pennsylvania.  According  to  the  Pennsylvania  Department  of  Forests 
and  Waters,  the  maximum  allowable  extraction  is  presently  mgd.  Since 
the  users  are  located  in  the  Beaver  River  asin,  this  water  is  never 


returned  to  the  Allegheny  River. 

Tlic  present  industrial  complex  located  along  the  lower  reaches  of  the 
Allegheny'  River  and  the  Ohio  River  in  the  vicinity  of  Pittsburgh,  Pennsyl- 
vania, is  the  largest  user  of  water  in  the  study  area.  Only  a small 
portion  of  the  gross  requirements  for  cooling  and  process  water  are  lost 
to  the  i.asin  as  consamptive  use.  Thus  water  is  reused  by  the  various 
muni c-’" pa. I and  indu.strial  users  along  the  Allegheny  and  Ohio  Rivers. 

Present  Water  v^uallty 

A study  hy  the  U.  S.  Geological  Survey  (2)  indicates  "the  Allegheny 

River  at  ;:ittannin  ; is pnerally  of  good  quality  and  suitable 

'or  rccre.ntion,  domestic  use  and  most  industrial  purposes  after  moderate 


treatment" . 
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Mineral  quality  in  the  Allegheny  River  at  Natrona  is  influenced 
by  the  Kiskiminetas  River. 

The  water  quality  of  the  Kiskiminetas  River  is  seriously  degraded  by 
acid  mine  drainage  from  both  active  and  inactive  coal  mining  operations  in 
the  basin.  The  Allegheny  River  is  therefore  degraded  to  varying  degrees 
depending  upon  the  volume  contributed  by  the  Kiskiminetas  River.  The 
following  analyses  of  the  Allegheny  River  below  the  confluence  of  the 
Kiskiminetas  River  indicates  the  variance  of  the  effect  of  the  Kiskiminetas 
River  on  the  quality  of  the  Allegheny  River. 
pH  U.O  to  6.8 

specific  conductance  3li0  to  650  micromhos  per  cm. 

hardness  115  to  2li0  mgA  (as  CaCO^) 

sulfate  95  to  270  mgA 

manganese  1.6  to  5.2  mgA 

The  U.S.G.S.  report  also  states  "although  the  Allegheny  River  at 
Natrona  may  be  acidic  and  contain  as  much  as  h}0  ppm  dissolved  solids 
during  low  flow,  the  Pennsylvania  Fish  Commission  reports  that  the  more 
hardy  species  of  fish  sucn/^ive  in  the  river  from  Pittsburgh  to  Freeport  - 
trout  and  pike  excepted" . Many  of  the  adverse  quality  conditions  that  are 
characteristic  of  the  river  during  low  flow  can  be  altered  by  dilution 
when  releases  are  made  from  the  Allegheny  River  Reservoir.  Experience  has 
taught  that  when  roughly  30  oercent  of  the  Allegheny  flow  originates  from 
the  Kiskiminetas  River,  fish  kills  can  be  expected.  One  million  fish  were 
killed  in  the  Allegheny  River  below  the  Kiskiminetas,  due  to  acid  conditions, 
from  August  19  to  23,  1966.  (3)  With  the  Allegheny  River  Reservoir  now 
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in  operation,  most  of  the  conditions  which  resulted  in  fish  kills  in  the 
past  are  less  likely  to  occur  since  low  flow  augmentation  will  Increase 
Allegheny  River  flows. 

A special  study  by  the  Wheeling  Field  Station  (U)  shows  that  in  the 
Parker  to  Klttannlng  reach  of  the  Allegheny,  concentrations  of  manganese, 
phenols,  biochemical  oxygen  demand,  total  iron,  total  collform,  fecal 
conform,  and  fecal  streptococci  exceed  msocimum  permissible  limits. 

The  Ohio  River  at  Rochester,  Pennsylvania  (25.2  miles  downstream 
from  confluence  of  the  Allegheny  and  Monongahela  Rivers)  was  found  to 
have  undesirable  levels  of  specific  conductance,  manganese,  sulfates, 
biochemical  oxygen  demand,  total  Iron,  total  collform,  fecal  collform, 
phenols,  surfactants  (synthetic  detergents),  and  total  phosphate. 

The  intermittently  degraded  quality  of  the  Allegheny  River  in  its 
lower  reaches  is  due  largely  to  mine  drainage  discharges  on  its  tributaries, 
especially  the  Kiskimlnetas  River  and  to  the  municipal  and  Industrial 
ccmplex  in  the  Pittsburgh  metropolitan  area.  Secondary  treatment  of 
municipal  wastes  and  an  equivalent  degree  of  treatment  for  Industrial 

I organic  wastes  would  allow  the  Allegheny  River  to  meet  the  interstate 

I dissolved  oxygen  standards  adopted  by  the  State  of  Pennsylvania  now 

I pending  approval  by  the  Secretary  of  the  Interior. 

I 

! Pennsylvania  has  initiated  a 10  year  acid  mine  drainage  remedial 

! program  which  should  alleviate  a large  portion  of  the  pollution  from 

1 

I 

Inactive  mine  sources  in  the  Allegheny  River  basin.  Correction  of  acid 

1 

mine  drainage  from  active  mines  is  being  accomplished  through  the  existing 
Clean  Streams  Law. 

Desirable  water  quality  can  be  achieved  in  the  Ohio  River  at  Pittsburgh, 

I under  present  conditions,  by  secondary  treatment  plus  disinfection  of 
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municipal  wastes  and  an  equivalent  degree  of  treatment  for  Industrial 
wastes.  Mine  drainage  In  the  Monongahela  River  adversely  affects  water 
quality  In  the  Ohio  River  at  Pittsburgh.  Pennsylvania's  10  year  mine 
drainage  remedial  program  applies  also  to  the  Monongahela  River  basin. 
However,  it  Is  believed  that  a Federally  funded  program  will  be  needed 
both  In  West  Virginia  and  Pennsylvania  to  bring  mine  drainage  pollution 
under  adequate  control. 

During  I966,  the  FWPCA  conducted  a stream  water  quality  survey  of 
the  Clarion  River  area  as  part  of  the  region-wide  Appalachia  Water  Resources 
Survey.  Special  emphasis  was  given  to  areas  whose  water  quality  was  known 
to  be  Influenced  by  mine  drainage. 

The  survey  found  the  Clarion  River  to  be  discharging  an  average  of 
63  tons  per  day  of  net  acidity  to  the  Alle^eny  River.  Acidity  concen- 
trations and  pH  values  ranged  from  25  to  milligrams  per  liter  (mg/l) 
and  from  U.l  to  5-3»  respectively.  The  maximum  alkalinity  present  In  the 
Clarion  River  at  Its  mouth  was  four  mg/l.  Total  iron  concentrations  were 
only  moderately  high,  averaging  0.7  mg/l  during  the  survey,  but  manganese 
concentrations  averaged  3-0  mg/l. 

Because  the  observed  alkalinity  concentrations  are  not  completely 
depleted,  and,  acidity  concentrations  are  only  moderately  high,  the 
stream's  acid-alkaline  ratio  could  be  reversed  In  favor  of  the  alkaline 
side  with  a reasonable  amount  of  mine  drainage  remedial  effort.  Con- 
centrations of  associated  mine  drainage  parameters  would  likewise  be 
substantially  reduced  by  the  remedial  effort. 
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The  principal  mine  drainage  problem  arena  In  the  Clarion  baaln  are 
the  vateraheda  of  Toby  Creek  (Clarion  County),  Licking,  Deer,  Mill,  and 
Plney  Creeka,  and,  Toby  Creek  (Jefferaon  Coxmty).  Theae  trlbutarlea  are 
largely  reaponaible  for  the  realdual  water  quality  effecta  obaerved  in  the 
Lower  reach  of  the  Clarion  River.  An  aggregate  net  acid  load  of  65  tona 
per  day  was  dlacharged  to  the  Clarion  River  by  theae  aix  trlbutarlea  during 
the  1966  aurvey. 

The  FWPCA  and  the  Pennsylvania  Department  of  Health  conducted  a 
cooperative  survey  during  I967  to  locate  and  quantify  the  sources  of 
mine  drainage  in  the  six  tributary  problem  areas.  More  than  23  million 
gallons  per  day  (mgd)  of  acid  drainage  was  measured  flowing  from  nearly 
500  sources.  This  discharge  carried  a total  acid  load  of  77  tons  to  the 
receiving  streams.  Less  than  one  percent  of  the  acid  load  was  discharged 
from  active  coal  mines.  (See  Appendix  l) 

A preliminary  analysis  of  the  mine  drainage  source  inventory  data 
indicates  that  physical  abatement  of  about  10  percent  of  the  total  number 
of  sources  measured  would  achieve  near-alkaline  conditions  in  the  lower 
reach  of  the  Clarion  River.  Based  on  flow  and  water  quality  conditions 
at  the  time  of  the  1966-67  siirveys,  physical  abatement  of  U5  discharges 
(at  assumed  abatement  efficiencies  for  each  source)  wcmld  reduce  the 
acidity  content  of  the  Clarion  River  near  its  mouth  by  about  75  percent. 

The  mine  drainage  source  Inventory  work  disclosed  that,  in  the 
Licking  and  Mill  Creek  watersheds,  acid  discharged  from  abandoned  gas 
wells  Is  an  additional,  very  sizeable  source  of  stream  water  quality 
degradation.  Abatement  of  some  of  these  sources  is  desirable  to 
conrplejnent  acid  reductions  from  coal  mine  sources.  Complete  data 
regarding  gas  well  locations  and  discharge  characteristics  is  not  avail- 


able at  this  time. 
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Achievement  of  'the  75  percent  reduction  of  the  acid  load  in  the 
lower  Clarion  River,  through  source  abatement,  would  result  in  decreased 
acidity  concentrations  and  increased  alkalinity  concentrations.  Resultant 
acidity  levels  through  reductions  effected  from  stream  conditions  measured 
in  1966  in  the  lower  Clarion  River  would  be  loss  than  10  mg/1.  Corresoond- 
ing  pH  values  are  expected  to  be  neutral.  Attendant  reductions  in  concen- 
trations of  mine  drainage-related  constituents  should  result  in  acceptable 
levels  for  most  water  uses. 

Water  Quality  Ob.^ectives 

The  State  of  Pennsylvania  has  submitted  proposed  water  quality  stand- 
ards and  an  implementation  plan  in  accordance  with  the  Federal  Water  Pollu- 
tion Control  Act  of  1965.  These  standards,  applying  to  interstate  waters, 
are  currently  under  review. 

Pennsylvania  has  established  the  following  uses  to  be  protected  in  the 
Allegheny  River  from  Redbank  Creek  to  Pittsburgh:  warm  water  fish,  domestic 

and  industrial  water  supply,  livestock  and  wildlife  watering,  irrigation, 
boating,  fishing,  water  contact  sports,  natural  area,  power,  navigation  and 
treated  waste  assimilation. 

To  protect  these  uses,  the  following  criteria  have  been  proposed: 
Allegheny  River  from  the  Kiskiminetas  River  to  the  Mouth 

pH  - not  less  than  6.D;  not  more  than  8.5 

Dissolved  Oxygen  - minimam  daily  average  5.0  mg/1;  no  value  less 
than  h.O  mg/1 

Total  iron  - not  to  exceed  1.5  mg/1 

Temperature  - not  to  exceed  5^  F rise  above  ambient  temperature  or 
a maximum  of  87*^  F whichever  is  less;  not  to  be  changed  by  more  than 
2^  F during  any  one  hour  period. 

n-,  ■ 
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[ Dissolved  Solids  - not  to  exceed  500  mg/1  as  a monthly  averape 


value;  not  to  exceed  7^0  mt'/l  at  any  time. 

Threshold  Odor  Number  - not  to  exceed  2h  at  60°  C 
Total  Manganese  - not  to  exceed  1.0  m^/1 
Allec^heny  River  from  Redbank  Greek  to  the  Kisklminetas  River 

Same  as  above  except  delete  criteria  for  threshold  odor  number  and 
total  manganese. 

For  the  Ohio  River  from  Pittsburgh  to  the  State  line,  Pennsylvania  has 
established  the  same  uses  as  in  the  lower  Allegheny.  Criteria  proposed  to 
protect  these  uses  are  the  same  as  those  proposed  for  the  lower  Allegheny 
with  the  addition  of  fluoride  not  to  exceed  1.0  mgA  and  phenol  not  to 
exceed  0.00$  mgA. 

Pennsylvania's  implementation  plan  for  Allegheny  River  calls  for 
primary  treatment  from  Redbank  Creek  to  the  Kisklminetas  River  and 
"intermediate"  treatment  from  the  Kiskiminetas  River  to  the  mouth.  For 
the  Ohio  River  from  Pittsburgh  to  the  State  line,  secondary  treatment  is 
required  although  present  stream  classification  calls  for  primary  treatment 
in  Beaver  County  and  intermediate  treatment  in  Allegheny  County.  Table  7 
presents  the  present  status  of  municipal  sewerage  facilities  in  the  study 
area. 

Present  FVPCA  policy  calls  for  a minimum  of  secondary  treatment  for 
all  biodegradable  wastes  with  an  equivalent  high  degree  of  treatment  for 
other  wastes.  Minor  changes  in  criteria  may  be  required  at  some  future 
time . 
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TABLE  7 

MUnCIPAL  SEWERAGE  FACILITIES 
Preaent 


Municipality 

Population 

Serred 

Present 

Treatment* 

Receiving 

Stream 

Mile 

Point 

Bnlenton 

P 

Allegheny 

River 

92 

Foxb\irg 

383 

Hone 

Allegheny 

River 

88 

Parker 

950 

None 

Allegheny 

River 

8U 

East  Brady 

273^ 

Hone 

Allegheny 

River 

69 

Templeton 

900 

Hone 

Allegheny 

River 

5** 

Kittanning 

6790 

P-C 

Allegheny 

River 

kk 

West  Klttannlng 

1200 

Hone 

Allegheny 

River 

kk 

Applevold 

U90 

Hone 

Allegheny 

River 

kk 

Ford  City 

6000 

P-C 

Allegheny 

River 

kk 

Freeport 

2430 

P-C 

Allegheny 

River 

29 

U • A««J  • S • A • 

8230 

I-C 

Allegheny 

River 

21 

Rev  Kensington 

23,500 

I-C 

Allegheny 

River 

18 

A.V.J.S.A. 

12,000 

I-C 

Allegheny 

River 

13 

AI. Co. San. A. 

1,250,000 

i-ci/ 

Ohio  River 

3.2 

Oakmont 

8,000 

I-C 

Allegheny 

River 

12 
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TABLE  7 (coDtlnued) 


Municipality 

Present 

Population 

Served 

Present 

Treatment 

Receiving 

Stream 

Mile 

Point 

Corapolls 

23,800 

I-C 

Ohio  River 

10 

Sewlckley 

6766 

I-C 

Ohio  River 

12 

♦P  - Prlaary 

I - Intermediate  C - 

Chlorination 

BOD^  removal 

normally  less 

than  ^0^ 

i 
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Water  Supply  Heeda 

The  present  and  projected  Individual  municipal  and  Industrial  water 
supply  requirements  were  ccnpared  to  the  existing  low  flow  conditions  of 
the  supply  source.  Those  users  who  obtain  their  supplies  from  existing 
navigation  pools  are  guaranteed  an  adequate  supply;  If  water  needs  exceed 
river  flow,  the  water  Is  merely  reused. 

The  largest  single  user  of  Allegheny  River  water  by  the  year  2020  Is 
expected  to  be  the  city  of  Pittsburgh,  Pennsylvania.  Its  projected  total 
requirement  of  I30  million  gallons  per  day  (mgd)  will  exceed  that  of  any 
other  potential  single  municipal  or  Industrial  user  along  the  Allegheny 
River.  The  existing  water  resources  of  the  Allegheny  River  are  more  than 
adequate  to  meet  this  projected  requirement. 

Projected  water  requirements  of  Clarion,  Pennsylvania,  exceed  the 
estimated  reliable  yield  of  their  present  source.  Therefore,  the  community 
will  probably  change  its  source  and  obtain  water  from  the  Clarion  River. 

The  low  flow  conditions  of  the  Clarion  River  are  sufficient  to  meet  the 
projected  needs  of  the  area. 

The  community  of  Butler,  Pennsylvania,  will  need  to  obtain  additional 
amounts  of  water  from  sources  other  than  the  Connoquenesslng  Creek  in  order 
to  meet  projected  water  needs.  The  present  water  withdrawal  from  the 
Allegheny  River  Is  limited  to  5*5  ngd,  or  O.5  percent  of  the  existing 
reliable  flow.  If  all  of  the  projected  additional  water  needs  were  met 
frcm  the  Allegheny  River,  the  withdrawal  rate  would  Increase  to  2.5  percent 
of  the  existing  reliable  flow;  thus,  present  streamflow  conditions  are  adequate. 

In  summary,  It  appears  that  the  existing  reliable  streamflow,  with 
Allegheny  River  Reservoir  in  operation,  Is  adequate  to  meet  the  projected 
municipal  and  Industrial  water  supply  requirements  of  the  study  area. 
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Water  Quality  Control  Heeds 

An  analyals  of  total  otreamflow  needed  to  maintain  proper  assimilation 
of  organic  wastes,  assxmlng  secondary  treatment  at  the  waste  source,  was 
made  on  the  Alle^eny  and  Ohio  Rivers.  The  major  rivers  of  the  study  area 
were  divided  Into  reaches  In  order  to  better  assess  the  accumulative  effect 
of  projected  municipal  and  industrial  wastes  on  stream  dissolved  oxygen. 

Water  qiiallty  control  flows  are  based  on  the  collection  and  treatment 
of  «ll  wastes.  Maintenance  of  suitable  water  quality  requires  that  at 
leajt  85  percent  of  the  waste  load,  as  measvired  by  the  five  day  Biochemical 
Oxygen  Demand,  Is  removed;  that  all  settleable  solids  that  will  form 
putrescent  or  otherwise  objectionable  sludge  deposits  are  removed;  that  oil 
sc;un,  floating  materials,  and  substances  producing  color  and  odor  are 
removed  to  such  degrees  required  to  prevent  unsightly  or  deleterious 
conditions:  that  all  substances  that  are  toxic  or  harmful  to  human,  animal, 
plant  or  aquatic  life  by  themselves  or  In  combination  are  removed;  that 
heated  discharges  will  be  sufficiently  cooled  before  discharge  to  prevent 
stream  impairment  for  other  uses;  and  that  harmful  bacteria  will  be  reduced 
in  sufficient  number  to  allow  intended  stream  uses. 

The  present  strefuiflow  conditions  of  the  Allegheny  River  can  adequately 
provide  proper  assimilation  of  treated  municipal  and  industrial  wastes  under 
present  and  projected  conditions.  The  greatest  concentration  of  organic 
waste  loads  is  projected  to  occur  in  the  lower  reaches  of  the  Allegheny 
River. 

There  is  a need  for  low  flow  augmentation  for  water  quality  control 
in  Connoquenessing  Creek  near  Butler,  Pennsylvania.  This  creek  Is  presently 


D-<U.- 


I 


23 


degraded  by  residual  municipal  and  Industrial  wastes  In  that  high  nutrient 
Levels  cause  serious  algal  bloams;  also,  during  low  flow  periods  the  stream 
lacks  sufficient  capacity  for  proper  waste  assimilation.  Alternative 
methods  of  pollution  control  must  be  considered  in  order  to  provide  the 
most  feasible  solution  to  the  problem.  Since  the  surface  water  storage 
potential  of  the  Connoquenesslng  Creek  watershed  is  Inadequate  to  meet  the 
projected  storage  requirement  needs,  either  complete  treatment  of  wastes 
or  surface  storage  outside  the  basin  must  be  considered.  If  a suitable 
quality  of  water  Is  Impounded,  the  community  of  Butler,  Pennsylvania,  after 
studying  the  feasibility  of  such  alternatives,  may  be  Interested  in 
purchasing  storage  in  the  proposed  St.  Petersburg  Reservoir  for  low  flow 
augnentatlon.  This  could  be  accomplished  by  expending  the  existing  water 
conveyance  system  from  the  Allegheny  River. 

The  Ohio  River  near  Pittsbtirgh,  Pennsylvania,  will  need  additional 
streamflow  to  ins\ire  proper  assimilation  of  projected  (2020)  municipal 
and  Industrial  residual  waste  loads  after  treatment.  The  present  scheme 
of  existing  and  authorized  reservoirs  will  not  provide  sufficient  storage 
to  satisfy  future  streamflow  needs  for  water  quality  control.  The 
inclusion  of  storage  for  water  quality  control  in  the  proposed  St. 
Petersburg  Resei^olr  is  contingent  on  improvement  in  existing  water. 

Population  growth  and  the  expected  increase  in  industrial  production, 
primarily  in  the  chemical  field  as  Indicated  by  the  benchmark  projections, 
will  tax  the  assimilative  capacity  of  the  Ohio  River.  Total  flow  require- 
ments for  quality  control  below  Plttsbirrgh,  Pennsylvania,  as  measured  at 
the  U.S.G.S.  «age  at  Sewlckley  are  as  follows: 
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Projected  Total  Streamflow  Requirements  (cfs) 
on  the  Ohio  River  at  Sewlckley,  Pennsylvania 


i960 

2000 

2020 

January 

3800 

44oo 

5250 

February 

3950 

4550 

5400 

March 

4150 

4800 

5700 

April 

4550 

5300 

6250 

May 

4950 

5750 

6800 

June 

5500 

6350 

7500 

July 

5700 

6600 

7800 

August 

5600 

6450 

7650 

September 

5300 

6150 

7250 

October 

4700 

5450 

6450 

Rovember 

4200 

4850 

5750 

December 

3950 

4550 

5400 

The  Corps  of  Engineers,  Pittsburg^  District  has  completed  several 
computer  analyses  of  reservoir  operation  studies  for  the  proposed 
St.  Petersburg  Reservoir.  These  analyses  show  the  effects  of  reservoir 
regulation  on  streamflow  conditions  in  the  Allegheny  and  Ohio  Rivers  during 
the  period  1929  to  I966.  Results  indicate  that  110,000  acre  feet  of 
storage  would  be  needed  ih  the  proposed  St,  Petersburg  Reservoir  to 
satisfy  the  projected  total  flow  requirements  by  the  year  2020  for  nine 
out  of  ten  years.  This  storage  amount  Is  based  upon  conditions  as  follows: 

a.  Existing  reservoirs  are  operated  according  to  original 
release  schedules. 

b.  The  authorized  Rowlesburg  Reservoir,  which  has  5T2,000  acre 
feet  storage  for  water  quality  control,  Is  In  place  and  operated 
for  low  flow  augmentation  needs  at  Lock  2,  Monongahela  River. 
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c.  Tbe  proposed  St.  Petersburg  Reservoir  has  a total  simmer  storage 
potential  of  685,000  acre  feet  for  recreation  and  water  quality 
control . 

As  a prerequisite  to  inclusion  of  storage  for  water  quality  control 
in  the  proposed  St.  Petersburg  Reservoir,  the  quality  of  the  Clarion 
River  must  be  improved  by  corrective  measures  applied  to  the  existing 
coal  mine  drainage  sources.  Storage  of  water  of  the  present  quality 
of  the  Clarion  River  would  be  of  little  value  for  anticipated  water 
quality  control  needs  on  the  Ohio  River  at  Pittsburgh,  Pennsylvania,  and, 
water  oriented  recreational  usage  would  be  restricted.  Also,  experience 
has  shown  that  reservoirs  constructed  in  areas  affected  by  coal  mine 
drainage  may  become  progressively  acidic. 

Analyses  of  available  stream  quality  and  mine  drainage  source  data 
indicates  that  water  quality  of  the  Clarion  River  could  be  enhanced  to  an 
acceptable  level  through  a reasonable  amount  of  mine  drainage  source 
abatement.  Drainage  abatement  by  physical  construction  measures  at  a 
minimum  of  Uo  coal  mining  sites,  five  known  abandoned  gas  well  sites,  and 
an  additional  undetermined  number  of  abandoned  gas  and/or  oil  well  sites, 
upstream  of  the  St.  Petersburg  site,  is  expected  to  result  in  a significant 
water  quality  Improvement  in  the  lower  Clarion  River.  On  the  average,  it 
is  expected  that  resultant  acidity  concentrations  in  the  proposed  reservoir 
area  would  be  less  than  10  mg/l,  alkalinity  concentrations  would  be  greater 
than  10  mg/l,  and  pH  values  would  be  above  6.0.  Attendant  reductions  in 
concentrations  of  mine  drainage- related  constituents  should  result  in 
acceptable  levels  for  most  water  uses. 

Abatement  costs  for  principal  acid  sources  upstream  of  the  reservoir 
site  are  estimated,  on  a preliminary  basis,  at  $3-0  million.  (See  Appendix  I.) 
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A detailed  engineering  study  is  required  to  determine  specific  con- 
struction measures  and  costs  at  each  site. 

It  is  reconnnended  that  provision  be  made  to  include  a proposed  mine 
drainage  source  abatement  program,  at  least  as  extensive  as  outlined  in 
Appendix  I,  as  an  integral  part  of  the  proposed  reservoir  project. 

Benefits 

The  low  flow  augmentation  needs  on  the  Ohio  River  at  Pittsburgh, 
Pennsylvania  can  be  met  by  construction  of  a single  purpose  resemroir 
containing  110,000  acre  feet  of  storage  for  water  quality  control.  Such 
a reservoir  would  be  the  least  costly  alternative  method  to  solve  projected 
quality  problems. 

Based  upon  reservoir  cost  estimates  provided  by  the  Corps  of  Engineers, 

Pittsburgh  District,  benefits  are  assessed  as  follows: 

0 & M Total 

Total  Construction  Cost  Annml  Cost  Annual  Cost  l/ 

$27,500,000  $69,000  $1,001,000 

1/  Includes  annual  operation  and  maintenance  costs. 

Total  annual  cost  was  developed  from  annual  operation  and  maintenance 
cost  plus  a 100  year  amortization  of  capital  costs  at  an  interest  rate 
of  3 lA  percent.  This  average  annual  cost  of  a single  purpose  alternate 
reservoir  for  water  quality  control  is  considered  to  be  the  minimum  benefits 
associated  with  meeting  the  needs  from  storage  in  the  Allegheny  basin. 

Computations  indicate  that  this  additional  storage  will  be  required 
to  meet  low  flow  augnentatlon  needs  at  Pittsburgh  by  the  year  I98O.  It  is 
estimated  that  actual  construction  of  facilities  to  provide  this  storage 
could  not  be  completed  prior  to  the  initial  time  of  need.  The  benefits, 
therefore,  were  not  discounted  to  reflect  a time  lag  between  completion 
of  construction  and  initial  flow  augmentation  needs. 
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APPENDIX  I 


CLARION  RIVER  BASIN 


MINE  DRAINAGE  SOURCE  INVESTIGATION 


iWCA 


WHEELIMG  FIELD  STATION 
MINE  DRAINAGE  SOURCE  INVESTIGATION 


TOBY  CREEK  WATERSHED  (JEFFERSON  COUNTY)  SUMMARY 


Drainage  Area: 

Location: 

,1/2/  , 

Net  Acid  Load  (at  mouth): 

Number  of  Sources  Investigated: 

Number  of  Sources  Discharging: 

Total  Source  Acid  Load  Measiired: 

Major  Acid  Load  Source  Category: 

Principal  Sources: 

Preliminary  Abatement  Cost  Estimate, 
Principal  Sources: 


125  square  miles 

Clarion  River  Milepoint  80.2 

14,936  lbs. /day 

185 

113 

38,089  lbs. /day 
Underground  mines 

Mine  numbers  920,  921,  926,  939 > 954, 

958,  960,  946,  984,  996,  998,  1187 

$200,000 


Remarks:  Three  active  drift  mines  in  the  watershed  discharged  a total  acid 

load  during  the  stirvey  of  only  l43  lbs. /day.  All  other  discharges  measured 
were  from  inactive  or  abandoned  mine  sites. 

The  acid  load  of  the  12  principal  sources  totals  30,045  lbs. /day,  about 
80  percent  of  the  total  watershed  sotirce  load  measured.  Pertinent  data  re- 
garding the  principal  sources  is  given  in  the  following  table: 


1/  Acid  Load  Minus  Alkaline  Load. 
Average  of  Six  Samplings,  I966. 


1. 

920 

Drift 

Limestone  Run 

387 

2.9 

1650 

765 

. 3,553 

2. 

921 

Drift 

Limestone  Run 

387 

2.9 

1500 

545 

2,531 

3. 

926 

Drift 

Toby  Creek 

180 

3.0 

1500 

730 

1,577 

k. 

939 

Strlp- 
(Comb.  )* 

Kyler  Run 

380 

3.9 

1400 

310 

l,4l0 

5. 

Deep 

Kyler  Run 

90 

2.6 

3000 

1455 

1,555 

6. 

958 

Deep  Unnamed  Trlb . 

(Comb.)^^* 

170 

5-5 

2200 

490 

1,000 

7. 

960 

Drift 

Toby  Creek 

JvOO 

3.5 

1200 

315 

1,512 

8. 

9k6 

Drift- 
(Comb. ) 

Kyler  Run 

1323 

3.2 

1300 

300 

4,761 

9. 

981^ 

Drift 

Unnamed  Trlb. 

635 

4.6 

1600 

465 

3,543 

10. 

996 

Drift- 
(Comb. ) 

Unnamed  Trlb. 

1152 

2.8 

1200 

290 

4,009 

11. 

998 

Drift 

Brandy  Camp  Cr. 

220 

3.1 

1400 

390 

1,030 

12. 

1187 

Drift 

Toby  Creek 

ithO 

2.8 

2500 

675 

3,564 

TOTAL  30,0^5 

♦Combination  Strip  Mine.  Strip  and  underground  mines  together  with 
principal  portion  of  discharge  from  the  strip  mine. 

♦^Combination  Undergroiuad  Mine.  Strip  and  underground  mines  together 
with  pirincipal  portion  of  discharge  from  the  underground  mine. 

If  lAiysical  abatement  measures  were  constructed  to  achieve  drainage 
quality  control  at  the  12  sites  indicated,  Toby  Cre^  (Elk  and  Jefferson 
Counties)  could  discharge  only  a very  minor  acid  load  to  the  Clarion  River. 


D-310 


1-3 


If  an  overall  50  percent  reduction  in  acid  discharge  from  these 
12  sites  could  be  achieved  by  the  mine  sealing  and  related  construction, 
their  total  load  would  be  cut  to  15,000  lbs./<iay  acidity.  This  load  is 
just  about  the  cumulative  residvial  load  measured  at  the  mount  of  Toby 
Creek.  If  only  25-30  percent  reductions  were  possible,  the  watershed  acid 
contribution  to  the  Clarion  would  be  reduced  by  at  least  one-half. 

Although  Clarion  River  pollution  from  this  watershed  is  far  removed 
from  the  proposed  reservoir  boundaries,  acid  drainage  reduction  in  Toby 
Creek  would  bequeath  a greater  alkaline  reserve  to  the  Clarion  which  would 
enable  it  to  assimilate  larger  acid  loads  downstream. 

The  above  mine  sites  selected  for  acid  drainage  abatement  are  suggested 
to  achieve  the  minimum  effect  of  reducing  or  eliminating  the  cumulative  acid 
load  residual  at  the  mouth  of  the  watershed.  Abatement  of  polluted  conditions 
in  the  entire  watershed  or  any  portions  thereof  would  be  a much  larger  task. 

A gross  preliminary  estimate  of  the  cost  of  physical  measures  to  control 
or  reduce  the  pollutant  effect  of  the  12  principal  sources  in  $2(X),CXX).  A 
detailed  engineering  study  is  required  to  determine  feasible  construction 
measures  and  costs  at  each  site. 

The  locations  of  the  12  principal  sources  in  the  Toby  Creek  (Jefferson 
County)  watershed  are  shown  on  Figure  2. 
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WHEELIKG  FI^jD  STATIOV 
MINE  DRAINAGE  SOURCZ  INVESTIGATION 

TOBY  CREEK  WATERSHED  (CLARION  CPUNTY)  SUMMAHT 


Drainage  Area: 

Location: 

1/  ^ 

Net  Acid  Load  (at  mouth): 

Number  of  Sources  Investigated: 
Number  of  Sources  Discharging: 

Total  Source  Acid  Load  Measured: 
Major  Acid  Load  Source  Category: 
Principal  Sources: 

Preliminary  Abatement  Cost  Estimate, 
Principal  Sources: 


37  square  miles 

Clarion  River  Mllepoint  30.0 

47,582  lbs. /day 

99 

81 

79,784  lbs. /day 
Strip  mines 

Mine  numbers  1015,  1023,  1029,  IO3I, 
1040,  1044,  1058 

$350,000 


Remarks:  Active  mines  In  the  watershed  (strip  mines)  were  not  contributing 

acid  drainage  to  streams  at  the  time  of  the  survey.  One  operation  was 
discharging  alkaline  water. 

The  acid  load  of  the  seven  prlncli>al  sources  totals  72,494  Ibs./day, 
about  90  percent  of  the  total  watershed  source  load  measured.  Pertinent 
data  regarding  the  principal  sources  Is  given  In  the  following  table; 


^ Acid  Load  Minus  Alkaline  Load. 
^ Average  of  Six  Samplings,  1966. 
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PRINCIPAL 

SOURCES 

Mine 

Receiving 

Flow 

Specific 

Acidity 

Ho. 

Stream 

pH 

Conductance 

mg/1 

1. 

1015 

Drift- 
(Comb. )* 

Unnamed  Trlb. 

207 

1050 

1^65 

1155 

2. 

1023 

Strip 

Toby  Creek 

500 

2.7 

9000 

8330 

49,980 

3. 

1029 

Strip 

Rapp  Run 

60 

2.8 

8250 

7600 

5,472 

U. 

1031 

Strip 

Rapp  Run 

65 

2.8 

7000 

6365 

4,965 

5. 

loUo 

Strip 

Unnamed  Trlb. 

65 

2.9 

3000 

6200 

4,836 

6. 

10l»4 

Strip 

Unnamed  Trlb. 

45 

2.8 

7800 

7380 

3,985 

7. 

1058 

Strtp 

Unnamed  Trlb. 

^5 

2.5 

3000 

3890 

2,101 

TOTAL 

72,494 

^Combination  Drift  Mine.  Strip  and  drift  mines  together  with  s 

principal  portion  of  discharge  from  the  drift  mine. 

If  physical  abatement  measures  were  Imposed  at  these  seven  areas  of  the 
total  8l  so\irce  areas  surveyed,  Toby  Creek  could  be  an  alkaline  stream  at 
its  confluence  with  the  Clarion  River. 

Since  six  of  the  seven  sources  are  of  surface  mine  origin,  a resultant 
high  percentage  reduction  in  acid  load  from  each  would  be  expected  after 

application  of  known  abatement  or  reclamation  techniques.  Assuming  an  1 

overall  acid  load  reduction  of  about  75  percent,  the  cumulative  residual  acid 
load  discharged  to  the  Clarion  River  should  be  at  or  near  zero  on  the 
average. 

Acid  load  fluctuations  after  source  abatement  would  result  through 
the  year  as  a function  of  hydrologic  conditions.  However,  the  stream's  ! 
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WHEELIMG  FIILD  STATIOH 
MINE  DRAINAGE  SOURCE  INVESTIGATION 


TOBY  CREEK  WATERSHED  (CLARION  COUNTY)  SUMMART 


Drainage  Area: 

Location: 

1/  ^ 

Net  Acid  Load  (at  mouth): 

Number  of  Sources  Investigated: 
Nimber  of  Sources  Discharging: 

Total  Source  Acid  Load  Measured: 
Major  Acid  Load  Source  Category: 
Principal  Sources: 

Preliminary  Abatement  Cost  Estimate, 
Principal  Sources: 


37  square  miles 

Clarion  River  Mllepolnt  30*0 

47,582  lbs. /day 

99 

81 

79,784  lbs. /day 
Strip  mines 

Mine  numbers  1015,  1023,  1029,  IO3I, 
1040,  1044,  1058 

$350,000 


Remarks:  Active  mines  In  the  vatershod  (strip  mines)  were  not  contributing 

acid  drainage  to  streams  at  the  time  of  the  survey.  One  operation  was 
discharging  alkaline  water. 

The  acid  load  of  the  seven  principal  soiirces  totals  72,494  lbs. /day, 
about  90  percent  of  the  total  watershed  source  load  measured.  Pertinent 
data  regarding  the  principal  sources  Is  given  In  the  following  table: 


\ 

i! 


u Add  Load  Minus  Alkaline  Load. 

^ Average  of  Six  Samplings,  I966. 

r 
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1. 

1015 

Drlft- 

(Comb.)* 

Unnamed  Trlb. 

207 

3> 

1050 

465 

1155 

2. 

1023 

Strip 

Toby  Creek 

500 

2.7 

9000 

8330 

49,980 

3. 

1029 

Strip 

Rapp  Run 

60 

2.8 

8250 

7600 

5,472 

k. 

1031 

Strip 

Rapp  Run 

65 

2.8 

7000 

6365 

4,965 

5. 

lOUO 

Strip 

Unnamed  Trlb. 

65 

2.9 

3000 

6200 

4,836 

6. 

1044 

Strip 

Unnamed  Trlb. 

45 

2.8 

7800 

7380 

3,985 

7. 

1058 

Strip 

Unnamed  Trlb. 

45 

2.5 

3000 

3890 

2,101 

TOTAL  72,k9k 


*Ccinblnatlon  Drift  Mine.  Strip  and  drift  mines  together  vlth  j 

principal  portion  of  discharge  from  the  drift  nine. 

If  physical  abatement  meastires  were  Imposed  at  these  seven  areas  of  the  ■ 

total  8l  source  areas  surveyed,  Toby  Creek  could  be  an  alkaline  stream  at 

Its  confluence  with  the  Clarion  River. 

Since  six  of  the  seven  sources  are  of  surface  mine  origin,  a resultant 

high  percentage  reduction  In  acid  load  fron  each  would  be  expected  after 

application  of  known  abatement  or  reclamation  techniques.  Assuming  an 

overall  acid  load  reduction  of  about  75  percent,  the  cumulative  residual  acid 

load  discharged  to  the  Clarion  River  should  be  at  or  near  zero  on  the  j 

i 

average.  j 

Acid  load  fluctuations  after  source  abatement  would  result  through 
the  year  as  a function  of  hydrologic  conditions.  However,  the  stream's  j 
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maxlnum  acid  discharge  imder  the  most  adverse  hydrologic  conditions  would 
be  expected  to  be  a fraction  of  the  present  situation. 

The  above  mine  sites  selected  for  acid  drainage  abatement  are  suggested 
to  achieve  the  mlnlmiim  effect  of  reducing  or  eliminating  the  cumulative 
acid  load  residual  at  the  mouth  of  the  watershed.  Abatement  of  polluted 
conditions  in  the  entire  watershed  or  portions  thereof  would  be  a much 
larger  task. 

A gross  preliminary  estimate  of  the  cost  of  physical  measures  to  control 
or  reduce  the  pollutant  effect  of  the  seven  principal  sources  is  $350,000. 

A detailed  engineering  study  is  required  to  determine  feasible  construction 
measures  and  costs  at  each  site. 

The  locations  of  the  seven  principal  so\irces  in  the  Toby  Creek  (Clarion 
County)  watershed  are  shown  on  Figure  3* 


D-315 


1-7 


FWPCA 

WHEELHG  FHLD  STATIOS 
MHE  imiHAGE  SOURCE  DIVESTIGATIOM 

PUEY  CRESC  WATERSHED  SUMARY 


Drainage  Area: 

Location: 

1/  2/ 

let  Acid  Load  (at  aouth): 
l\aO>er  of  Sources  Investigated: 
lunber  of  Sources  Discharging: 

Total  Source  Acid  Load  Measured: 
Major  Acid  Load  Source  Category: 
Principal  Sources: 

Preliminary  Abatement  Cost  Estimate, 
Principal  Sources: 


70  square  miles 
Clarion  River  Mllepolnt  21.6 
19,272  lbs. /day 
130 
75 

10,995  lbs. /day 
Strip  mines 

Mine  numbers  1173,  *^206,  4216 
$150,000 


Remarks:  Tvo  active  strip  mines  la  the  watershed  were  discharging  a combined 

acid  load  of  1000  lb. /day  during  the  survey. 

The  acid  load  of  the  three  principal  sources  totals  3,157  lbs. /day, 
about  29  percent  of  the  total  watershed  source  load  measured.  Pertinent 
data  regarding  the  principal  sources  Is  given  In  the  following  table: 

PRIHCIPAL  SOURCES 


Mine 

Mo. 

TjrTK; 

Receiving 

Stream 

Flow 

(gl*) 

pE 

Specific 

Conductance 

Acidity 
mg/l  lbs./d£ 

1. 

1173 

Strip 

Unnamed  Trlb. 

252 

2.9 

2150 

510 

1542 

2. 

4206» 

Strip 

Unnamed  Trlb. 

12 

3.2 

8000 

5965 

859 

3. 

4216 

Strip 

Unnamed  Trlb. 

I8O 

4.5 

1800 

350 

756 

TOTAL 

31 57 

*Some  active  stripping  In  area  at  time  of  survey. 
"y  Acid  Load  Minus  Alkaline  Load. 

2/  Average  of  Six  Samplings,  I966. 
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At  tbe  tine  of  tbe  mlae  drainage  source  Inrestlgatlon  (low  flov  ^ 

conditions),  Plney  Creek  discharged  an  acid  load  of  only  1,638  Ibs/day.  j 

i 

Hovever,  tbe  I966  strean  survey,  conducted  under  varying  flov  conditions,  1 

neasured  cm  average  Plney  Creek  discharge  of  19,272  lbs. /day.  Based  on  } 

the  acid  loading  at  the  low  flow  condition  aeasured  (1,638  lbs. /day),  I 

-3 

elimination  of  the  three  listed  principal  sources  would  reuult  In  alkaline  ] 

conditions  at  the  mouth  of  Plney  Creek. 

The  limited  stream  data  Indicate  that  abatement  of  additional  sources 
may  be  necessary  to  effect  alkaline  conditions  at  greater  than  low  flow 
or  base  flov  stream  conditions. 

The  above  mine  sites  selected  for  acid  drainage  abatement  are  suggested 
to  achieve  the  minimum  effect  of  reducing  or  eliminating  the  cumulative  acid 
load  residual  at  the  mouth  of  the  watershed.  Abatanent  of  polluted  conditions 
In  the  entire  watershed  or  any  portions  thereof  would  be  a much  larger  task. 

A gross  preliminary  estimate  of  the  cost  of  physical  measures  to  control 
or  rc!?uce  the  pollutant  effect  of  the  three  principal  sources  is  $150,000. 

A detailed  engineering  study  is  required  to  determine  feasible  construction 
measiures  and  costs  at  each  site. 

The  locations  of  the  three  principal  sources  In  the  Plney  Creek  watershed 
are  shown  on  Figure  li-. 


PRINCIPAL  MINE  DRAINAGE  SOURCES 
PINEY  CREEK  WATERSHED 

UNITCO  states  DtPAQTMLNT  Of  THE  INTERIOR 
FEOERAl  WATER  POLLUTION  CONTROL  ADMINISTRATION 
OMIO  0ASIN  RiCfON  WMI  EtiNC  FIElO  STATION 


FIGURE  4 
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WHEELING  FIELD  STATION 


MINE  DRAINAGE  SOURCE  INVESTIGATION 


MILL  CREEK  WATERSHED  SUMMARY 


Drainage  Area: 

Location: 

,i/i/  . 

Net  Acid  Load  (at  mouth;: 

NiBBber  of  Sources  Investigated: 
Nunber  of  Sources  Discharging: 
Total  Source  Acid  Load  Measured: 
Major  Acid  Load  Source  Category: 
Principal  Sources: 


56  square  miles 

Clarion  River  Milepoint  35.0 

16,960  lbs. /day 


6,805  lbs ./day 
Strip  Mines 

Mine  numbers  4242,  4284,  4356,  4357 


Preliminary  Abatement  Ck>Bt  Estimate, 

Principal  Sources:  $780,000 


Remarks:  No  active  mine  discharges  existed  in  the  watershed  at  the  time  of 

the  survey. 

The  acid  load  of  the  four  principal  sources  totals  6,382  lbs. /day,  about 
94  percent  of  the  total  watershed  source  load  measured.  Pertinent  data  re- 
garding the  principal  sotirces  is  given  in  the  following  table: 


1/  Acid  Load  Minus  Alkaline  Load. 
^ Average  of  Six  Samplings,  I966. 
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PRINCIPAL  SOURCES 


Mine 

No. 

Type 

Receiving 

Stream 

Flow 

(gl«) 

pH 

Specific 

Conductance 

Acidity 
mg/1  Ibs/day 

1. 

k2k2 

Strip 

Unnamed  Trlb. 

30 

U.O 

2800 

883 

318 

2. 

k2Bk 

Strip 

Unnamed  Trlb. 

95 

3.2 

5000 

3740 

4264 

3. 

^356 

Strip 

Jones  Run 

60 

3A 

2800 

1260 

907 

k. 

4357 

Strip 

Jones  Run 

80 

3> 

2000 

930 

893 

TOTAL  6382 


Mill  Creek  discharged  to  the  Clarion  River  a net  acid  load  of  16,960 
lbs. /day  d\ud.ng  the  I966  survey.  The  mine  drainage  sovirce  Investigation 
measured  6,8o^  lbs. /day  of  acid  being  discharged  from  I6  strip  mines  la 
the  watershed.  (A  small  acid  loeul  was  also  measured  from  two  abandoned  gas 
wells.) 

The  stream  survey  measured  some  10,000  lbs. /day  of  acid  In  Mill  Creek 
that  Is  not  accounted  for  In  the  source  Inventory.  This  large  difference 
between  the  values  Is  believed  to  be  the  result  of  abandoned  oil  and  gas 
well  discharges  in  the  basin,  similar  to  coal  mine  discharges  In  chemical 
character,  that  were  not  documented  In  the  source  Investigation  survey. 

Because  of  the  acid  present  In  Mill  Creek  that  Is  of  an  assumed  origin, 
the  niimber  of  sources  needed  to  be  abated  to  eliminate  the  acid  load  dis- 
charged to  the  Clarion  River  la  not  available  at  this  time.  An  additional 
field  survey  to  locate  and  quantify  the  oil  and  gas  well  sources  would  be 
required  to  develop  this  data. 

Cosqplete  elimination  of  drainage  from  the  four  strip  mine  areas  listed 
as  principal  sources  would  effect  an  approximate  38  i>ercent  reduction  In 
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acidity  dlschaurged  to  the  Clarion  River.  It  is  expected  that  plugging  or 
other  suitable  physical  measures  employed  at  the  abandoned  oil  and/or  gas 
wells  that  are  yet  to  be  investigated  will  result  in  zero  or  near-zero 
acidity  discharged  to  the  Clarion  River  from  this  watershed. 

A gross  preliminary  estimate  of  the  cost  of  physical  measures  to 
control  or  reduce  the  pollutant  effect  of  the  four  principal  sources  is 
$T60,000.  a detailed  engineering  study  is  required  to  determine  feasible 
construction  measures  and  costs  at  each  site. 

The  locations  of  the  four  principal  sources  in  the  Mill  Creek  watershed 
eire  shown  on  Figure 
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PRINCIPAL  MINE  DRAINAGE  SOURCES 
MILL  CREEK  WATERSHED 

UNITED  STATES  DEPARTMENT  Of  THE  INTERIOR 
FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 
OHIO  BASIN  REGION  - WHEELING  FIELD  STATION 

FIGURE  5 
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FWPCA 

WHEELIMG  FIEIi)  STATION 
MIKE  DRAINAGE  SOORCE  INVESTIGATION 


LICKING  CREEK  WATERSHED  SUMIARY 


Drainage  Area: 

Location: 

y y 

Net  Acid  Load  (at  mouth): 

Number  of  Sources  Investigated: 
Number  of  Sources  Discharging: 

Total  Source  Acid  Load  Meas\ired: 
Major  Acid  Load  Source  Category: 
Principal  Sources: 

Preliminary  Abateawnt  Cost  Estimate, 
Priziclpal  Sources: 


32  square  miles 

Clarion  River  Milepoint  l4.8 

16,850  lbs. /day 

212 

130 

6,670  lbs. /day 

Strip  mines,  undergroiond  mines 

Mine  numbers  3227,  4314,  4317,  44?6, 
4477,  4485,  4491,  4564,  45^,  4567, 
4568,  4572,  4599. 

$950,000 


Remarks:  One  active  drift  mine  discharged  a daily  acid  load  of  IO3  pounds 

in  the  watershed  at  the  time  of  the  survey.  All  other  measured  discharges 
were  fran  inactive  or  abandoned  sites. 

The  daily  acid  load  of  the  13  principal  sources  totals  4,059  poTonds, 
about  60  percent  of  the  total  watershed  sotorce  load  measured.  Pertinent 
data  regarding  the  principal  sources  is  given  in  the  following  table: 


^ Acid  Load  Minus  Adktiline  Load. 
^ Average  of  Six  Samplings,  I966 
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PRINCIPAL  SOURCES 


Mine 

No. 

Type 

Receiving 

Stream 

Flow 

pH 

Specific 

Conductance 

Acidity 
mg/1  Ibs/day 

1. 

1227 

Strip 

Cherry  Run 

4o 

6.6 

2750 

410 

197 

2. 

J*31^ 

Strip 

Unnamed  Trlb. 

4 

2.8 

6000 

5070 

243 

3. 

k317 

Drift 

Licking  Creek 

15 

3.0 

5000 

1930 

3h7 

u. 

kkj6 

Drift- 

Comb. 

Unnamed  Trlb. 

85 

3.1 

1950 

365 

372 

5. 

kkJ7 

Drift- 

Comb. 

Unnamed  Trlb. 

85 

3.3 

2100 

44o 

449 

6. 

4i*85 

Strip 

Little  Licking  Cr. 

25 

3.3 

3600 

1425 

426 

7. 

kk9l 

Gas 

Well 

Little  Licking  Cr. 

12 

4.4 

6500 

^635 

667 

8. 

4564 

Strip 

Anderson  Run  (Est.) 

8 

2.9 

3800 

1610 

155 

9. 

4566 

Drift 

Unnamed  Trlb. 

35 

3.9 

1900 

470 

197 

10. 

4567 

Drift 

Mineral  Run 

30 

3.0 

3800 

970 

349 

11. 

4568 

Drift 

Mineral  Run 

15 

3.0 

3000 

1295 

214 

12. 

4572 

Strip 

Mineral  Run 

5 

3.5 

6000 

3220 

199 

13. 

4599 

Strip 

Anderson  Run 

8 

3.2 

6000 

2525 

TOTAL 

242 

4059 

^Combination  Drift  Mine.  Strip  and  drift  mines  together  with  principal 
portion  of  discharge  from  the  drift  mine. 


Licking  Creek  discharged  a net  acid  loading  to  the  Clarion  River  of 
16,850  lbs. /day  during  the  I966  exirvey.  The  mine  drainage  source  investiga- 
tion measured  6667  lbs. /day  being  discharged  from  the  129  coal  mine  soiirces 
and  one  abandoned  gas  well  In  the  watershed. 

The  stream  survey  measured  some  10,000  lbs. /day  of  acid  In  Licking 
Creek  that  is  not  accotinted  for  in  the  source  Inventory.  This  large  difference 
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between  the  values  is  believed  to  be  the  result  of  abandoned  oil  and  gas 
well  discharges  in  the  basin,  similar  to  coal  mine  discharges  in  chemical 
character,  ^ich  were  not  docxxmented  in  the  source  investigation  survey. 

Because  of  the  acid  present  in  Licking  Creek  that  is  of  an  assumed 
origin,  the  absolute  number  of  soxirces  needed  to  be  abated  to  eliminate 
the  acid  load  discharged  to  the  Clarion  River  is  not  available  at  this  time. 

An  Eiddltional  field  survey  to  locate  and  quantify  the  oil  and  gas  well  sources 
would  be  required  to  develop  this  data. 

Assuming  complete  elimination  of  gas  well  and  strip  mine  discharges, 
and  a 30  percent  reduction  of  acid  loeul  from  drift  mine  discharges,  jAiyslcal 
abatement  of  the  I3  listed  principal  sources  would  reduce  the  acidity  enter- 
ing the  Clarion  River  from  this  watershed  only  about  17  percent.  It  is 
expected  that  plugging  or  other  suitable  physical  measures  employed  at  the 
abemdoned  oil  and/or  gas  wells  that  are  yet  to  be  investigated,  will  result 
In  zero  or  near-zero  acidity  discharged  to  the  Clarion  River  from  this  water- 
shed. 

A gross  preliminary  estimate  of  the  cost  of  jdiyslcal  measures  to  control 
or  reduce  the  pollutant  effect  of  the  13  principal  sources  is  $950,000.  A 
detailed  engineering  study  is  required  to  determine  feasible  construction 
measures  and  costs  at  each  site. 

The  locations  of  the  I3  principal  sources  in  the  Licking  Creek  watershed 
cure  shown  on  Figure  6. 
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Dnd.B»ge  Area: 


WHEELING  FIELD  SXATION 
NUE  WAOJUIE  30UECE  INVE^IGATZON 

DEER  CREHt  WATERSHED  SUHAlCr 

69  square  alles 


Location: 

1/  ^ 

let  Acid  Load  (at  aouth) 

■laiber  of  Sources  Investigated: 
luaber  of  Sources  Discharging: 

Total  Source  Acid  Load  Measured: 
Major  Acid  Load  Source  Category: 
Principal  Sources: 

PrellBlaary  Abatsmt  Cost  EstlMite, 
Principal  Sources: 


Clarion  RLver  Hlepolnt  21.3 
13,845  Ibs./day 

89 

57 

10,752  Ibs./day 

Oil  and  gas  veils,  underground  nines 
Mine  nusbers  1043,  4253,  4337,  45i6, 

4531,  4532 


Principal  Sources:  ^24,000 

Rsnarks:  The  only  discharge  encountered  fron  an  active  operation  was  a 324 
Iba./day  acid  loading  fron  an  active  coal  wnskery  lagoon  overflow. 

Ihe  acid  load  of  the  six  principal  sources  tetals  6,773  14s /lay,  abent 
75  percent  of  the  total  watershed  source  load  aeasured.  Pertinent  data  re- 
garding the  principal  sources  is  given  In  the  following  table: 

PRINCIPAL  SOURCES 


Mine 

No. 

Type 

Receiving 

Stream 

Flow 

(gpn) 

pH 

Specific 

Conductance 

. Te*T»  C ■ 

1. 

1043 

Drift 

Unnamed  Trlb. 

16 

2.6 

6000 

4360 

837 

2. 

4253 

Drift 

Little  Paint  Creek  18 

2.7 

>8000 

9235 

1995 

3. 

4337 

Gas  Well  Judith  Run 

100 

5.3 

2400 

740 

888 

4. 

4516 

Gas  Well  Frills  Run 

120 

5.4 

1700 

430 

619 

5. 

4531 

Gas  Well  Unnaaed  Trlb. 

495 

2.5 

1275 

290 

1723 

6. 

4532 

Gas  Well  Unnaaed  Trlb. 

212 

2.6 

1200 

280 

711 

TOTAL 

6773 

V Acid  Load  Minus  Alkaline  Load. 
7^  Avenge  of  Six  Saaplings,  1966. 
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Deer  Creek  discharged  a net  acid  load  to  the  Clarion  River  of  13,845 
lbs. /day  during  the  I966  svirvey.  The  mine  drainage  source  investigation 
measured  10,752  lbs. /day  being  discharged  from  57  coal  mines  and  abandoned 
oil  and  gas  wells  in  the  watershed.  Four  of  the  six  principal  sources 
listed  are  abandoned  gas  wells.  The  acid  load  from  these  four  wells  amoxmts 
to  more  than  one-third  of  the  total  load  measured  from  57  coal  mine  and  oil 
and  gas  well  sources. 

The  stream  survey  measured  some  3>000  lbs. /day  in  Deer  Creek  that  is 
not  accounted  for  in  the  source  inventory.  This  difference  between  the 

values  is  believed  to  be  the  result  of  abandoned  oil  and  gas  well  discharges  | 

in  the  basin,  slmllcir  to  coal  mine  discharges  in  chemical  character,  which  ! 

were  not  documented  in  the  source  investigation  survey. 

Because  of  the  acid  present  in  Deer  Creek  that  is  of  an  assumed  origin, 

the  absolute  number  of  sources  needed  to  be  abated  to  eliminate  the  acid  ^ 

- 

load  discharged  to  the  Clarion  River  is  not  available  at  this  time.  An 
additional  field  survey  to  locate  and  quantify  the  oil  and  gas  well  sources 
would  be  required  to  develop  this  data. 

Assuming  complete  elimination  of  gas  well  discharges  and  50  percent  acid 
reductions  from  drift  mine  discharges,  physical  abatement  of  the  six  listed 
principal  sources  would  reduce  the  acidity  entering  the  Clarion  River  from 
this  watershed  about  40  percent.  It  is  expected  that  plugging  or  other 

suitable  physical  measures  employed  at  the  abandoned  oil  and/or  gas  wells  I 

that  are  yet  to  be  investigated  will  result  in  zero  or  near-zero  acidity  ; 

1 

i 

discharged  to  the  Clarion  River  from  this  watershed.  i 

A gross  preliminary  estimate  of  the  cost  of  jAiysical  measures  to  control  | 

4 

or  reduce  the  pollutant  effect  of  the  six  principal  sources  is  $24,000.  A 
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detailed  engineering  study  is  req\iired  to  deter«ine  feasible  construction 
measures  and  costs  at  each  site. 

The  locations  of  the  six  principal  sources  in  the  Deer  Creek  watershed 


are  shown  on  Figure  7. 
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ABATBgJIT  EFFECTS  OH  CLARIOH  RIVER 

The  following  table  lists  the  average  net  acid  loading  values  for  the 
Clarion  River  at  mouth  and  for  Its  six  principal  acid-polluted  tributaries. 
The  values  are  averages  of  six  samplings  during  sxnmer,  1966: 


STREAM  LOCATIOH: 


AVERAGE  HET  ACID  LOAD 
(lbs. /day) 


Cljurion  River,  at  mouth.  126,712 

Toby  Creek  (Clarion  County)  @ mouth.  47,582 

Plney  Creek  @ mouth.  19 >272 

Licking  Creek  @ mouth.  16,850 

Mill  Creek  @ mouth.  16,960 

Deer  Credt  @ mouth.  13>845 

Toby  Creek  (Jefferson  County)  @ mouth.  14,938 

Using  the  principal  sources  listed  for  the  six  tributary  watersheds 
(see  Indlvidiial  watershed  summaries),  and  the  assumed  acid  reductions 
described  for  each  watershed,  the  net  acid  load  at  the  mouth  of  the  Clarion 
River  (table  above)  would  be  reduced  to  about  30,000  lbs. /day.  This  level 
constitutes  a 75  percent  improvement  over  present  conditions. 

The  principal  sources  listed  for  the  Mill,  Deer,  and  Licking  Creek 
watersheds  are  the  major  acid  contributors  of  the  total  number  of  sources 
identified  in  each  watershed.  Abatement  of  these  principal  sources  would 
not  effect  alkaline  conditions  at  the  mouth  of  each  drainage  area.  Assuming 
additional  principal  sources  are  Identified  in  the  Mill,  Deer,  and  Licking 
Creek  watershed,  the  contributions  of  these  watersheds  could  be  reduced  to 
the  point  that  the  effect  is  essentially  zero  net  acidity  at  the  mouth  of 
the  Clarion  River. 
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MINE  DRAINAGE  ABATEMEKT  COSTS 

The  preliminary  cost  estimates  for  abatement  of  the, identified  principal 
sources  in  the  six  tributary  watersheds  totals  $2.45  million.  This  total  has 
been  rounded  upward  to  $3*0  million  to  allow  for  abatement  costs  of  presently 
unidentified  abandoned  oil  and  gas  well  sources. 
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THE  OIL  AM)  OAS  WELL  ACID  POLLDTIOH  PROBLEM 
During  the  Clarion  River  Bine  drainage  source  Investigation,  abandoned 
oil  and  gas  well  discharges  were  saopled  and  measured  when  encountered  In 
the  coal  Bine  areas.  Ho  specific  attempt  was  made  to  locate  such  discharges 
during  the  Bine  drainage  survey. 

Thirty- five  abandoned  gas  well  discharges  and  one  abandoned  oil  well 
discharge  were  documented  In  the  field.  A sunnaiy  of  pertinent  data  from 
the  survey  Is  tabulated  below: 


Huad>er  Flow 


Het  acid  load 


Watershed 

of 

Wells 

range 

(ffl®) 

pH 

Range 

ranM 
( lbs . /da^ 

Toby  Creek 

15 

1-90 

2.8-7. 3 

0-511 

(clarion  County) 

Plney  Cre^ 

5 

1-50 

3. 1-7.0 

0-66 

Mill  Credc 

3 

H-7 

3.1-5. 2 

0-43 

Licking  Creek 

1 

12 

k.k 

667 

Deer  Creek 

12 

1-1^95 

2. 5-7.0 

0-1722» 

Remarks 


*The  second  largest  acid  load  source  neasured  In  the  Deer  Creek  watershed, 
1722  lbs. /day. 

Examination  of  a recent  study  Bade  In  this  Inedlate  aurea  Indicates  the 
average  density  of  abandoned  oil  and  gas  wells  (mostly  gas  wells)  In  this 
area  to  he  about  11  per  square  alle.  (U.S.  Bureau  of  Mines  report  to  the 
Corps  of  Engineers,  Pittsburgh  District,  concerning  the  proposed  St. 
Petersburg  reservoir.)  Assuming  this  density  to  persist  In  the  drainage 
areas  of  Mill,  Licking,  and  Deer  Creeks,  nearly  2000  wells  exist  In  the 
177  square  mile  area.  If  only  five  percent  of  these  have  acid  discharges, 
this  would  amount  to  about  100  sources  In  addition  to  coal  mine  sources. 
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Ae  status  of  available  data  on  tbese  abandoned  features  Is  such 
that  location  and  saaqpllng  in  the  field  is  the  only  way  they  can  be  docu- 
mented. 

Stream  and  coal  mine  discharge  data  ccsq^isons  in  the  Licking  and 
Mill  Creek  watersheds  suggest  that  abandoned  gas  well  discharges  are  the 
principal  sources  of  acid. 
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APPALACHIA  PROGRAM 
LOWER  KNOX  CREEK  P^SSERVOIR  PROJECT 
Tug  Fork  Basin  of  the  Big  Sandy  River  Basin 


U.S.  Department  of  the  Interior 
Federal  Water  Pollution  Control  Administration 
Ohio  Basin  Region 
Cincinnati,  Ohio 
February  1969 


1 


The  water  supply  and  water  quality  control  needs  as  described 
in  the  March  15,  1965,  and  January  4,  1967,  letters  to  Lt.  Col.  W.  D. 
Falck,  District  Engineer,  U.S.  Army  Engineer  District,  Huntington, 

West  Virginia,  state  the  Federal  Water  Pollution  Control  Administration 
evaluation  of  water  supply  and  water  quality  control  needs  that  might 
be  met  entirely  or  in  part  by  the  Lower  Knox  Creek  Project.  These 
letters  are  reproduced  on  the  following  pages. 
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Ohio  Basin  Region 
46T6  Columbia  Patrkway 
Cincinnati,  Ohio  h^2?6 


January  U,  1967 


Lt.  Col.  W.  D.  Falck 
District  Engineer 

U.  S.  Army  Engineer  District,  Huntington 
Corps  of  Engineers 
P.  0.  Box  2127 

Huntington,  West  Virginia  25721 
Dear  Colonei  Falck; 

This  letter  summarizes  the  conclusions  reached  by  FWPCA  representatives 
attending  the  Appalachia  study  meetings  on  November  2 and  21,  1966,  re- 
geurding  a special  report  on  Tug  Fork,  tributary  of  the  Big  Sandy  River. 

The  February  1962  and  April  1963  water  supply  and  water  quality  control 
reports  on  the  Big  Sandy  River  Basin  and  a March  1965  letter  that  gave 
projections  beyond  those  given  in  the  report  were  reviewed.  The  objective 
was  to  determine  if  there  was  a need  for  water  supply  and  quality  control 
storage  in  the  Tug  Fork  Basin  in  excess  of  that  shown  in  the  reports  based 
on  the  findings  of  potential  growth  and  expansion  due  to  the  Appalachia 
Program  as  determined  by  Spindletop. 

It  was  determined  that  the  water  supply  and  water  quality  control  needs 
as  stated  in  the  reports  and  letter  are  adequate  for  the  projected  future 
and  will  provide  for  economic  expansion  effected  by  the  Appalachian  Program 
as  determined  by  Spindletop.  Therefore,  no  benefits  due  to  water  supply 
and  water  quality  control  storage  would  accrue  for  additional  reservoirs 
in  the  Tug  Fork  Basin  at  this  time. 

Sincerely  yours , 

/s/ 

Richard  A.  Vanderhoof 
Acting  Regional  Director 
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TOO  East  Jefferson  Street 
Charlottesville,  Virginia  22901 


■> 

Re : ORHED-PS 


Col.  Harrington  W.  Cockran 
District  Engineer 
U.  S.  Army  Engr  Dist.  Huntington 
P.  0.  Box  2127 

Huntington,  West  Virginia  25721 
Dear  Colonel  Cockran: 

Reference  is  made  to  your  letter  of  March  2,  1965  concerning  future  needs 
for  water  quality  control  in  the  Big  Sandy  River  Basin. 

It  is  understood  that  every  industrial  site  on  the  Big  Sandy  River,  Louisa, 
Kentucky,  to  the  Ohio  River,  has  been  optioned  by  some  industry.  Informal 
information  available  indicates  that  a 150  ton  per  day  pulp  and  paper  plant 
and  five  satellite  plants  to  that  industry  are  definitely  interested  in 
locating  downstream  from  Louisa,  Kentucky,  and  Fort  Gay,  West  Virginia. 

Two  chemical  plants  desire  to  locate  on  the  navigable  portion  of  the  Big 
Sandy  River.  An  aluminum  plant  has  long  had  an  interest  in  locating  in 
the  navigable  portion  of  the  Big  Sandy  River.  Large  electric  generating 
facilities  are  now  located  on  the  Big  Sandy  River  below  Fort  Gay,  West 
Virginia.  There  is  every  indication  that  the  lower  Big  Sandy  River  Basin 
will  be  heavily  industrialized  in  the  foreseeable  future. 

Satellite  industries  will  probably  develop  in  the  area  in  areas  of  surplus 
labor.  The  Tug  Fork  of  the  Big  Sandy  is  such  an  area.  There  is  little 
present  interest  in  the  Tug  Fork  area.  However,  that  area  has  a limited 
water  supply,  adequate  for  a light  water  using  industry's  water  supply, 
but  not  adequate  for  water  quality  control.  It  is  suggested  that  a part 
of  the  need  indicated  in  the  April  1963  report  be  developed  in  the  Tug 
Fork  Basin  to  the  extent  that  the  minimum  assured  flow  be  increased  to 
UO  cfs.  This  water  will  be  of  definite  use  in  the  lower  Big  Sandy  and  of 
probable  use  in  the  Williamson,  West  Virginia,  area.  It  is  noted  that 
there  are  no  planned  reservoir  projects  in  the  Tug  Fork  area  and  it  is 
certainly  reasonable  to  believe  that  some  industrial  use  will  eventually 
be  made  of  the  surplus  labor  in  that  area.  The  availability  of  an 
assured  quantity  of  water  should  increase  the  probability  of  industrial 
development  in  the  Tug  Fork  area. 
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With  respect  to  your  question  concerning  the  probable  need  for  storage  for 
water  qualtiy  control  beyond  the  year  1975,  the  following  inforamtion  is 
furnished  for  your  use.  The  A.  D.  Little  Study  was  fomally  furnished  to 
this  office  in  September  19^h.  As  you  know,  that  report  discusses  relatively 
large  areas  and  sub-area  J includes  the  Guyandot-Big  Sandy-Little  Sandy.  It 
appears  that  the  Big  Sandy  Basin  is  at  least  as  favorable  for  future  develop- 
ment as  the  Guyandot  and  the  Little  Sandy.  Therefore,  on  the  basis  of  per- 
centage of  increase  of  manufacturing  employment,  it  can  be  expected  that 
there  will  be  about  28  percent  increase  in  manufacturing  employment  from 
1970  to  2010  in  the  Big  Sandy  River  Basin.  The  same  rate  of  growth  for 
water  quality  control  needs  would  require  an  additional  70  to  80  cfs  of 
flow  to  receive  and  assimilate  treated  wastes  from  manufacturing  processes. 

An  equally  difficult  forecast  and  computation  concerns  the  needs  for  storage 
for  water  quality  control  in  the  Ohio  River  below  the  Big  Sandy  River  Basin 
in  the  foreseable  future.  Again,  time  has  not  permitted  a detailed  examina- 
tion of  the  Ohio  River  main  stem  with  the  new  high  level  locks  and  dams.  It 
seems  reasonable  that  with  greater  overall  loads  to  the  main  stem,  even  with 
better  treatment,  that  increased  flow  may  be  needed  to  assure  a good  quality 
of  water  in  the  main  stem. 

In  summary,  as  you  are  pressed  for  a flow  figvore  needed  in  the  Big  Sandy 
Basin  to  facilitate  future  planning,  it  would  appear  that  your  estimate 
of  100  to  150  cfs  in  addition  to  the  300  cfs  additional  needed  by  1975  is 
a conservative  figure  for  the  year  2010. 

It  is  requested  that  you  use  the  figure  with  the  knowledge  that  it  is  a 
very  preliminary  figure.  It  will  be  subject  to  change  as  the  Comprehensive 
Study  of  the  DREW  proceeds  and  new  information  is  developed. 

If  we  can  be  of  any  future  assistance,  we  would  be  pleased  to  cooperate 
with  you. 

Sincerely  yours. 


Lloyd  W.  Gebhard 

Regional  Program  Director 

Water  Supply  and  Pollution  Control 
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Request  and  Authority 

In  a letter  dated  March  21,  196? > the  U.  S.  Department  of  the 
Army,  Nashville  Engineer  District,  Nashville,  Tennessee,  requested 
the  Federal  Water  Pollution  Control  Administration,  Ohio  Basin  Region, 
for  information  relative  to  water  supply  and  water  quality  control  ] 

needs  in  the  area  affected  by  the  potential  Celina  Reservoir  Project  i 

in  the  Appalachian  Water  Resources  Survejr.  i 

This  report  ./as  prepared  under  the  authority  of  the  Appalachian  | 

Regional  Development  Act  of  1965}  P-L.  89-^}  Section  .'::06c.  1 

Purpose  and  Scope  ^ 

The  purpose  of  this  investigation  was  to  determine  potential  | 

need  and  value  of  water  supply  and  v/ater  quality  control  storage  in 
the  Celina  Reservoir.  V/ater  supply  needs  in  the  immediate  project  : 

area,  which  consists  of  Monroe  and  Cumberland  Counties,  Kentucky, 

and  Clay  County,  Tennessee,  are  based  on  population  and  economic  ^ 

1 

projections  developed  by  the  Department  of  Commerce,  Office  of 
Business  Economics;  and  the  Corps  of  Engineers,  Office  of  Appalachian 
Studies,  Cincinnati,  Ohio.  These  projections  reflect  the  developmental 
effect  of  the  Appalachian  Program  on  the  study  area.  Water  supply 
needs  downstream  of  Celina,  Tennessee  are  based  upon  data  found  in 
the  Framework  Study  of  the  Ohio  River  Basin,  Cumberland  River  Subbasin, 
by  the  Federal  V/ater  Pollution  Control  Administration,  Cincinnati, 

Ohio.  I 
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The  scope  of  the  report  is  limited  to  the  needs  of  the 
immediate  project  area  and  the  main  stem  of  the  Qumberland  River 
do’.^nstream  of  the  proposed  project  to  Eddyville,  Kentucky. 

Streamflo.7  available  for  assimilation  of  waste 'loads  is 
discussed  in  terms  of  natural  flow.  Regulation  of  streamflow 

1 

by  reservoirs,  such  as  those  in  the  Cumberland  River  Basin, 
ordinarily  improves  low- flow  stream  characteristics.  However, 
there  may  be  occasions  v;hen  this  does  not  hold  true.  Therefore, 
natural  flov;s  are  used  since  it  is  assumed  that  thesa  flows  should 
alv/ays  be  available  and  that  flow  regulation  should  by  no  means 
result  in  effects  detrimental  to  potential  or  actual  uses  available 
before  the  regulating  structures  were  placed  in  operation. 

The  potential  reservoir  would  extend  from  Cmberland  River  mile 
385. at  the  Kentucky-Tennessee  state  line  to  Wolf  Creek  Dam  at  mile 
4o0.9-  The  total  drainage  area  above  the  proposed  darasite  is  6308 
square  miles,  5789  "hich  are  controlled  by  upstream  reservoirs. 

The  rese2*voir,  as  presently  planned,  has  a total  storage  capacity  of  j 

approximately  358,000  acre-feet  at  the  maximum  operating  level.  The 
major  project  purposes  are  power,  recreation,  and  navigation. 

* Natural  flow  is  defined  as  that  flow  which  was  experienced  and  j 

would  be  available  v^ithout  regulation. 
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Summary  of  Findings  and  Conclusions 

There  are  no  water  supply  or  water  quality  control  benefits  that 
can  be  assigned  to  the  potential  Celina  Reservoir  Project. 

By  year  20^^0  Tompkinsville,  Kentucky  will  have  a projected 
v;ater  supply  requirement  of  1.4  mgd.  Existing  water  supply 
facilities  could  be  enlarged  or  new  facilities  added  at  a cost 
less  than  the  cost  of  importing  water  from  the  proposed  Celina 
Reservoir. 

Burkesville,  Celina,  Gainesboro,  Carthage,  Hartsville,  Gallatin, 
A:ihland  City,  Clarksville-New  Providence,  Dover,  Eddyville,  and  other 
communities  taking  water  from  the  Cumberland  River  have  projected 
2020  water  supply  needs  that  can  be  met  from  the  river  based  on  the 
natural  one  day  lov/  flow  v;ith  a thirty  year  recvirrence  interval. 

The  projected  2020  water  supply  needs  of  the  Nasvhille  metropolitan 
area  can  be  met  from  the  regulated  flow  of  the  Cumberland  River. 

The  natural  seven  day  low  flow  of  '^he  Cumberland  River  at  Celina, 
Gainesboro,  Carthage,  Hartsville,  Gallatin,  Ashland  City,  Clarksville- 
New  Providence,  Dover,  and  Eddyville  should  be  adequate  to  assimilate 
future  waste  loads  fr  m those  communities  and  other  communities  whose 
v.'aste  loads  eventually  enter  the  Cumberland  River. 

The  regulated  seven  day  once  in  ten  year  low  flow  at  Nashville 
would  provide  a greater  assimilative  capacity  than  the  natural  flow 
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at  that  location,  but  local  vrater  quality  problems  could  occur  in 
the  future  even  .vith  adequate  waste  treatment.  The  water  quality 
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problems  and  needs  of 
detail  in  the  section 


the  Nashville  area  are  discussed  in  t>Teater 
on  water  quality  control  needs . 


Streamflov.'  Characteristics 

Reservoirs  already  in  operation  and  others  under  construction 
sijnif icantly  modify  the  flovf  characteristics  of  the  Cumberland 
River  below  Wolf  Creek  Dam,  including  the  reach  in  v/hich  Celina 
Reservoir  would  be  located.  The  follov/in"  tabulation  shows  natural 
low  flow  characteristics  and  regulated  flows  on  the  Cumberland  River 
as  determined  by  the  Corps  of  Engineers.  Reservoirs  now  in  the 
plannin,:  sta^e  -would  not  si:snificantly  affect  the  regulated  flows. 
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LOCATION 

Rowena,  Ky.  (Wolf  Cr.) 
Celina,  Tenn. 

Cartha;:e,  Tenn. 

Belo..'  Old  Hickory  Dam 
Nashville,  Tenn. 
Clarksville,  Tenn. 
Dover,  Tenn. 

Smithland,  Ky. 


NATURAL  FLOW 
da.  once  1 da.  once 
i 10  yrs  in  30  yrs 


96 

51 

190 

112 

520 

330 

480 

260 

560 

330 

640 

370 

710 

430 

800 

520 

REGULATED  FLOW 
7 da . once  1 da . once 
in  10  yrs  in  30  yrs 


330 

36 

840 

205 

3200 

1900 

3o00 

2300 

3800 

2400 

4200 

2700 

4200 

2700 

4700 

3400 

F 

f 


J 
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The  flo’./s  available  in  the  Cumberland  River  provide  almost 
unlimited  quantities  of  v;ater  for  municipal  and  industrial  use  and 
dilution  of  se\ra^e  treatment  plant  effluents  v;ith  the  exception  of 
the  Nashville  metropolitan  area.  In  follov;in^  sections  of  this 
report,  selected  centers  of  population  are  used  to  illustrate  the 
relationship  bet.reen  available  flov;  in  the  Cirnberland  River  and 
the  projected  needs  for  uater  supply  and  pollution  control.  Emphasis 
is  placed  on  the  ’./ater  quality  control  needs  of  the  Nashville 
metropolitan  area . 

Present  Water  Use.  Sources  of  Supply  and  Treatment  Facilities 

There  are  no  population  centers  usin<j  lar^e  amounts  of  water 
v/ithin  the  immediate  project  area.  The  tovm  of  Burkesville,  Kentucky, 
ICoO  population  lo38,  obtains  its  water  supply  fr„m  the  Cxmiberland 
River.  Tne  present  w'ater  facilities  serve  a population  of  1750  with 
an  avera<je  use  of  0.10  m ;d  or  a per  capita  use  of  57  gpd. 

The  tovm  of  Tompkinsville,  Kentucky,  I96O  population  i091,  has 
'vater  supply  facilities  that  serve  a population  of  30OO  from  a small 
impoimdment  on  Mill  Creek.  Average  daily  .mter  use  is  0.30  mj_;d  and 
per  capita  use  is  100  gpd. 

V/ater  purification  plants  are  operated  by  Burkesville  and 
Tompkinsville . 

Dovmstream  of  the  proposed  reservoir,  the  major  centers  of 
population  arc  Gallatin,  Nasiivillc  metropolitan  area,  -nd  Clariisville , 
Tennessee,  all  of  v/liich  obtain  tlieir  water  supplies  from  the 
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Cumberland  River.  Minor  centers  of  population  are  Celina,  v/hich 
obtains  its  supply  from  the  Obey  River;  Gainesboro,  Dover,  Carthage, 
Eddyville,  and  Ashland  City,  ./hich  obtain  supplies  from  the  Cumberland 
River;  and  Hartsville,  v.'hich  has  auxiliary  v;ells  in  addition  to  its 
source  of  supply  from  the  Cumberland  River.  Present  water  use  and  type 
of  treatment  for  selected  -ai'eas  downstream  of  the  proposed  reservoir 
are  shovm  in  the  following  tabulation: 

Per  Capita 

I'tunicipality Pop.  Served  Use,  niigd  Use,  gpcd Type  Treatment 


Celina 

1,300 

0.075 

56 

Purification 

Gainesboro 

2,000 

0.10 

50 

Purification 

Carthage 

3,000 

0.25 

83 

Purification 

Hartsville 

1,600 

0.15 

94 

Purification 

Gallatin 

13,125 

1.0 

76 

Purification 

Nashville  metro- 
politan area 

315,000 

37.8 

120 

Purification 

Ashland  City 

1,740 

0.09 

52 

Purification 

Clarksville- 
Nev/  Providence 

35,000 

2.5 

71 

Purification 

Dover 

1,000 

0.07 

70 

, * 

Purification 

Eddyv i lie 

4oo 

0.02^"' 

50 

Purification 

Ground  water 

is  not  a major 

source 

of  supply  in  the 

study  area, 

nor  is  it  available  in  sufficient  quantity  to  meet  large  projected  needs. 


* Consists  of  mixing,  flocculation,  sedimentation,  filtration,  chlorination. 
Estimated 
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Present  Vfoter  Quality  and  VJaste  Treatment  Facilities 

Available  data  indicate  that  the  Cumberland  River  is  generally  of 
,ood  mineral  and  bacteriolo  ;ical  quality  as  shovm  in  the  tabulation 
on  the  following  page. 

Ground  v/ater  in  the  Cumberland  River  Basin  generally  meets  the 
standards  suggested  by  the  U.  S.  Public  Health  Service  for  the  chemical 
quality  of  drinking  water  except  that  the  iron  content  is  frequently  in 
excess  of  O.3  mg/l  and  often  exceeds  3 i^g/l.  Therefore,  removal  of  iron 
is  desirable  for  most  uses  of  water. 

The  following  tabulation  lists  municipalities  considered  in  this 
report  that  have  or  are  planning  to  construct  v/aste  treatment  facilities 
and  the  type  of  treatment  currently  provided: 


Municipality 

Burkcsville 

Tompkinsville 

Celina 

Gainesboro 

Carthage 

Hartsville 

Gallatin 

Nashville 

Ashland  City 

Clarksville 

New  Providence 

Dover 

Eddyville 


Treatment 

Secondary 

Primaryi/ 

Nonei/ 

Secondary 

Primary 

Secondary 

Secondary,  , 

Secondary^ 

Secondary 

Secondary 

Secondary 

Septic  tanksi/ 

Secondary 


_!/  Secondao'  treatment  plant  is  under  construction. 

Present  secondary  treatment  plant  is  inadequate  but  construction  is 
now  in  progress  for  additional  facili..ies  which  ..’ill  increase  the 
capacity  of  the  plant  and  provide  adequate  treatment.  Plans  ultimateljr' 
call  for  serving  all  of  Davidson  County,  Tennessee  by  Nashville 
metropolitan  area  sewage  treatment  plants. 
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Economy 

Population  and  employment  projections  for  the  Celina  Reservoir 
area  were  developed  from  benchmark  projections  by  the  Office  of 
Appalachian  Studies,  Corps  of  Engineers.  Population  trends  are 
shown  below. 

Population 


i960 

1980 

2000 

2020 

Cumberland  County,  Kentucky 

7835 

7200 

9980 

13900 

Burkesville 

1688 

2100 

2650 

3900 

Monroe  County,  Kentucky 

11799 

10910 

1U66O 

19800 

Tompkinsville 

2091 

2300 

U1(00 

5000 

Disaggregation  of  employment 

data  by 

Standard 

Industrial 

Class!  fica- 

tion  Code  and  adjustment  of  the  data  for  future  conditions  results  in 
the  following  trends  for  industries  using  large  amovints  of  water. 


Area/Industry 

SIC 

No. 

W80 

Qnployees 

2000 

2020 

Burkesville 

Food  it  Kindred  Products 

20 

10 

11 

28 

Chemical  & Allied  Products 

28 

— 

5 

15 

Tompkinsville 

Food  & Kindred  Products 

20 

105 

111 

283 

Chemicals  & Allied  Products 

28 

10 

25 

55 
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'.7a ter  Supply  Needs 

Burkesville,  Tompkinsville , and  Celina  ere  in  the  economic  impact 
area  of  the  potential  project,  and  the  water  supply  needs  for  those 
cenimunities  were  developed  from  benchmark  projections  by  the  Office  of 
Appalachian  Studies. 

The  remaininc  communities  are  outside  the  impact  area  and  their 
■..■ater  supply  needs  v:ere  based  on  data  in  the  framev/ork  study  of  the 
Ohio  River  Basin  prepared  by  the  Federal  V/ater  Pollution  Control 


Adninistration . 

Most  of  the  projected  water  supply  needs  are  expected  to  be  met 
from  surface  supplies.  Total  future  municipal  and  industrial  water 
supply  needs  for  communities  considered  in  this  report  are  tabulated 
belo'./: 

Total  H S:  I Water  Supply  Needs,  myd 


Municipality IS'BO -000 i020 


Buri'.esvllle 

0.20 

0.30 

0. 5o 

Tompklnsville 

0.53 

1.00 

1.42 

Celina 

0.13 

0.39 

1.02 

Galnesboro 

0.31 

0.61 

2.05 

Cartha  pe 

0.51 

1.09 

-■34 

Martsville 

0.3o 

0 . 67 

1.33 

Gallatin 

2.00 

4.47 

9.87 

Nashville  metro- 

200 

politan  area 

1.1 1 

352 

Ashland  City 

0.33 

0.73 

1.62 

Clar'.'.sville- 

3.'yh 

7 . ’1 

1.^.0 

ile’..'  Providence 

Dover 

0.16 

0.33 

O.o7 

Eddywille 

0.35 

0.57 

1.0- 

Water  Quality  Control  Needs 

The  following  tabulation  sho'.;s  estimated  v/astc'..'ater  return  x'lou-s 
in  year  .'’020  for  the  principal  con.munities  considered  in  this  study 
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together  ./ith  the  natural  end  re.;ulated  rio’./s  at  celected  points  alon,j 
the  Cumberland  River. 


Flov/,  cfs 


Return  flov;,  cfs 

7 day 

, 1 in  10  year 

f-funicipality 

^0-0 

Rat . 

..  .. 

Celina 

l.'f 

ito 

o4o 

Gainesboro 

k.l 

>170 

V 

c: 

Xr 

0 

Cartho';;e 

3-3 

3^00 

Hartsville 

1-9 

>i20 

>3200 

Gallatin 

13.  i 

>',b0 

>3200 

iJashvillc  Metro- 
politan area 

a.l 

;o0 

3000 

Ashland  City 

-•3 

> j^Q 

>3000 

Clarksville- 
IJev;  Providence 

1 ■ . 

oUO 

UuOO 

Dover 

0.' 

710 

4200 

Eddyville 

i.t 

V 

0 

>4200 

natural  flo'./s  alon.^ 

the  main  stem  01 

the  Cu:.'.bcrland  River  are 

sufficient  to  provide  needed  cssi...ilativc 

ccpijcity 

for  the  projected 

wactev;ater  discharjjes  in 

the  study  area 

itii  the  e;: 

eeption  of  the 

Ilashville  metropolitan  area,  provided  the 

t aacquate 

.voste  treatment 

and  control  measures  arc 

placed  in  effect 

. In  the 

Nashville  area, 

where  projected  pollution 

loads  arc  considerably  lar 

'L_,er  than  the  other 

communities  in  the  study 

area,  the  assimilat Lve  proolcn  is  complicated 

by  several  factors;  namely,  the  dischar,;c  of  vastc’veters  into  the  pool 
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formed  by  Cheatham  Dam  and  the  possible  effect  of  hi  :hly  variable 
strearaflov/s  resultin  from  hydroelectric  peakin.^  operation  at 
upstream  reservoirs. 

The  impoundment  formed  by  Cheatham  Dam  belov/  Nashville  has 
resulted  in  the  formation  of  a relatively  deep  pool  with  considerable 
reduction  in  the  velocity  of  flov/.  It  is  reasonable  to  conclude  that 
this  modification  of  stream  characteristics  has  resulted  in  a reduction 
in  the  assimilative  capacity  of  the  stream  due  to  the  decrease  in 
oj^csr*  transfer  because  of  reduced  turbulence  and  velocity,  and  due  to 
the  increase  in  depth  through  ./hich  oxygen  transfer  must  take  place. 

In  addition  there  is  a problem  of  less  uniform  mixing  of  the  v/astewaters 
./ith  the  streamflovf.  The  assimilative  mechanics  of  the  Cimberland 
River  in  the  Nashville  area  were  studied  by  the  Tennessee  Department 
of  Public  Health  in  IS^j  and  1939  prior  to  the  construction  of  Cheatham 
Dam;  honever,  there  have  not  been  sufficient  field  studies  since  that 
time  to  make  reliable  estimates  of  the  assimilative  capacity  of  the 
river  linder  present  low  flow  conditions . 

Fluctuating  stream.flow,  resulting  from  regulation  of  the  present 
reservoir  system  for  hydropovrer  production  also  have  undetermined  effects 
on  the  assimilative  capacity  of  the  Cumberland  River.  The  daily  flov; 
from  Old  Hickory  Reservoir  fluctuates  betv.’een  zero  and  30,000  cubic  feet 
per  second,  but  releases  would  be  zero  for  only  a few  hours  of  the  day. 

The  minimum  average  daily  flo'w  that  has  occurred  during  the  past  several 
years  is  f040  cubic  feet  per  second.  For  navigation  purposes,  there  is 
a minimum  tailwater  elevation  that  must  be  maintained  at  Old  Hickory,  and 
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during  off-peak  periods , it  is  stanetimes  necessary  to  operate  one  unit 
in  order  to  maintain  the  elevation. 

Inadequate  mixing  of  treated  wastes  during  periods  of  low  flow  when 
stream  velocities  are  low  could  result  in  local  water  quality  problems 
depending  upon  the  length  of  the  low  flow  period.  Dviring  peaking  periods, 
the  situation  wovild  probably  be  somewhat  improved  because  stream  flow 
velocities  are  higher. 

At  present,  fish  flesh  tednting  is  experienced  1.  the  Cheatham  Dam 
pool  below  Nashville.  The  most  probable  cause  of  this  problem  is  the 
wastes  from  the  Neishville  metropoliteui  area.  No  identification  of  the 
specific  cause  of  the  problem  has  yet  been  made,  nor  has  the  areal  extent 
of  the  problem  been  defined.  However,  it  is  possible  that  the  effects  of 
this  pollution  would  be  less  severe  if  low  flows  in  the  Cumberland  River 
at  Nashville  were  more  uniformly  regvilated. 

In  view  of  the  foregoing,  it  is  concluded  that  future  problems  might 
occur  in  the  Nashville  area  with  dissolved  oxygen  reductions  below  accept- 
able levels  due  to  limited  assimilative  capacity  for  the  projected  waste 
loads  following  adequate  secondary  treatment;  however,  water  quality  control 
storage  for  flow  regtilation  cannot  be  Justified  at  this  time.  The  scope 
of  the  study  does  not  permit  an  accurate  determination  of  the  assimilative 
mechanics  Involved.  This  can  be  accomplished  only  following  detailed  field 
study  of  the  stream  stretch  in  question. 

If  oxygen  depletion  should  become  a problem  in  the  Nashville  area, 
there  are  several  measures  that  might  be  utilized  to  maintain  acceptable 
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water  qua0.ity  standards.  Among  these  are  the  following: 

1.  Reallocation  of  storage  in  upstream  reservoirs  to  further 
augment  low  flows  in  the  Neishville  surea. 

2.  Utilization  of  additional  treatment  measures  beyond  conventional 
secondary  treatment. 

3.  Development  of  improved  means  for  mixing  treated  wastewater^ 
with  the  stream  flow. 

U.  In-stream  reaeration  at  critical  points. 

In  addition,  the  maintenance  of  suitable  water  quality  below  Celina 
Reservoir  will  require  the  following  water  pollution  control  measures : 

1.  Removal  :.of  at  least  85  percent  of  waste  loads  entering  the 
stream  as  measured  by  the  ultimate  first  stage  biochemical 
oxygen  demand.  Removal  of  90  percent  or  greater  may  be  necessary 
for  the  Nashville  metropolitan  area  some  time  in  the  future. 

2.  Removal  of  all  settleable  solids  that  will  form  putrescent  or 
otherwise  objectionable  sludge  deposits. 

3.  Removed,  of  oil,  scum,  floating  materials,  and  substances 
producing  taste  and  odor  to  a degree  required  to  prevent 
unsightly  or  deleterious  conditions  either  in  the  water  or 
the  aquatic  life  therein. 

U.  Removal  of  all  substances  that  are  toxic  or  harmful  to  human, 

* 

animal,  pleuit,  or  aquatic  life  either  by  themselves  or  in 
combination  with  other  substances . 
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5.  Cooling  of  heated  discharges  to  a temperature  that  will  not 
impair  use  of  the  receiving  stream. 

6.  Reduction  of  harmful  bacteria  to  a level  that  will  not  impair 
use  of  the  waters . 

Ibe  quality  of  water  to  be  expected  in  the  proposed  Celina  Reservoir 
as  indicated  by  the  tabulation  for  Burkesville  on  page  six,  should  not 
in  any  way  impair  recreation  activities.  Future  waste  loads,  when 
properly  treated  before  discharge  to  the  reservoir,  should  not  prove 
detrimental  to  the  overall  quality  of  the  water  in  the  reservoir. 
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Request  and  Authority 

In  a letter  diited  March  21,  I967,  the  Department  of  the  Army, 
Nashville  Engineer  District,  Nashville,  Tennessee,  requested  the 
Federal  Water  Pollution  Control  Administration,  Ohio  Basin  Region, 
for  information  relative  to  water  supply  and  water  quality  control 
needs  for  the  area  affected  by  the  proposed  Devils  Jumps  Reservoir  • 
Project  of  the  Appalachian  Water  Resources  Survey. 

This  report  was  prepared  under  the  authority  of  the  Appalachian 
Regional  Development  Act  of  1965,  P.L.  89-*t,  Section  206c. 

Purpose  and  Scope 

The  piirpose  of  this  investigation  was  to  determine  potential  need 
£Uid  value  of  water  supply  and  water  quality  control  storage  in  the 
proposed  Devils  Jumps  Reservoir,  Cumberland  River  Basin,  Kentucky  and 
Tennessee.  Water  supply  needs  are  based  on  population  and  economic 
projections  developed  by  the  Department  of  Commerce,  Office  of  Business 
Economics;  and  the  Corps  of  Engineers,  Office  of  Appalachisin  Studies, 
Cincinnati,  Ohio.  These  projections  reflect  the  developmental  effect 
of  the  Appalachian  Program  on  the  study  area. 

The  study  area  for  this  report  consists  of  McCreary  County,  Kentucky 
and  Fentress  and  Scott  Counties,  Tennessee.  Report  emphasis  is  on  future 
water  supply  and  water  quality  control  needs  for  the  Whitley  City, 
Jamestown,  and  Oneida  water  service  areas. 
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The  potential  Devils  Jumps  Dam  would  be  in  Kentucky  on  the  South 
Fork  of  the  Cvimberland  River  at  mile  U8.1,  and  the  reservoir  would 
extend  upstream  into  Tennessee.  The  drainage  area  above  the  dam  site 
is  957  square  miles.  As  presently' planned,  the  reservoir  would  have 
a storage  capacity  of  U, 136 ,000  acre-feet  below  the  top  of  the  flood 
control  pool.  The  major  project  purposes  8o:e  flood  control,  power, 
and  recreation. 


Summary  of  Findings  and  Conclusions 

Based  on  existing  information,  there  are  no  water  supply  or  water 
quality  control  benefits  that  can  be  assigned  to  the  Devils  Jvunps 
Reservoir  Project. 

Water  supply  needs  to  year  2020  for  the  Whitley  City,  Oneida, 
and  Jamestown  water  service  areas  can  be  supplied  by  ground  water  or 
a combination  of  ground  water  and  small  impoundments  at  annual  costs 
less  than  the  annual  costs  of  transmission  facilities  from  Devils 
Jumps  Reservoir  to  the  areas  lander  consideration. 

The  projected  needs  to  year  2020  for  water  quality  control  down- 
stream of  the  proposed  reservoir  can  be  satisfied  by  the  estimated 
reservoir  seepage  loss  of  U5  cfs  which  was  obtained  from  the  Corps 
of  Engineers . 

Should  unforeseen  municipal  and  industrial  developments  occur,  it 
may  become  necessary  at  some  future  date  to  consider  reallocation  of 
reservoir  storage  to  provide  for  water  quality  control  and  water 
supply. 
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Present  Water  Use,  Sources  of  Supply,  and  Treatment  Facilities 

Whitley  City  has  no  water  supply  system  but  receives  its  supply 
from  the  town  of  Stearns  which  has  a purification  plant  and  two  small 
lakes  which  serve  as  a source  of  supply.  Per  capita  water  use  is  not 
known  but  is  estimated  to  be  approximately  50-70  gallons  per  day. 

Oneida,  Tennessee  utilizes  ground  water  as  its  source  of  water 
supply.  The  town  has  a water  purification  plant  serving  a population 
of  2150.  Iron  removal  is  included  as  part  of  the  purification  process. 
Per  capita  water  use  at  the  i960  level  was  93  gallons  per  day. 

Jamestown,  Tennessee  obtains  its  water  supply  from  a small  lake. 
The  town's  water  purification  plant  sejrved  a population  of  lUoO  in 
i960.  Estimated  municipal  water  use  at  the  196O  level  was  90  gallons 
per  capita  day. 

Whitley  City  and  Oneida  are  underlain  by  the  Pottsville  Formation 
of  Pennsylvanian  age..  It  is  composed  principally  of  shale  and  sand- 
stone interspersed  with  thin  beds  of  coal,  siltstone,  and  limestone. 
Wells  adequate  for  municipal  and  industrial  supplies  are  normally 
deeper  than  150  feet  and  depths  of  300  feet  are  not  vincomraon.  Yields 
of  20-100  gpm  can  be  obtained.  Depths  to  water  range  from  10-100 
feet. 

Jamestown,  in  the  Eastern  Highland  Rim  physiographic  region,  is 
underlain  by  limestones  of  Mississippian  age.  Well  yields  of  20-100 
gpm  can  be  obtained  from  depths  of  6O-IOO  feet.  An  occasional  dry 
well  may  be  encountered. 
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Present  Water  Quality  and  Waste  Treatment  Facilities 

Available  water  qxiality  data  in  the  study  area  is  limited.  The 
South  Fork  of  the  Cumberland  River  was  sampled  at  mile  70.1,  twenty- 
two  miles  above  the  proposed  dam  site,  by  the  Tennessee  Stream  Pollution 
Control  Board  in  1958,  1959,  and  I960.  Pertinent  data  for  these  samples 
are  shown  in  the  following  tabulation: 


Parameter  S./  1/29/58  12/2/38  1/21/99  2/3/59  3/2U/59  6/1U/6O  9/13/60 


pH 

7.3 

7.3 

6.6 

7.0 

7.3 

7.0 

7.0 

Dissolved  oxygen 

11.8 

11.7 

12.0 

12.0 

10.8 

8.0 

7.8 

Temp . ®C 

k 

k 

3 

4 

8 

24 

22 

BOD^  @ 20  °C 

1.0 

1.4 

0.3 

0.8 

0.6 

0.8 

0.6 

Coliform  MPN  per  100  ml 
in  1000 's 

0.1 

7.5 

4.6 

0.1 

0.0 

— 

2.2 

SOj^ 

10 

17 

19 

17 

20 

20 

46 

Cl 

18 

7 

l4 

7 

4 

2 

4 

FI 

0.0 

0.7 

0.1 

0.2 

0.0 

0.0 

0.0 

NO^  as  NO^ 

0.1 

0.5 

0.8 

0.4 

0.2 

0.3 

0.4 

PO4  as  PO^ 

O.U 

0.0 

0.0 

0.0 

0.5 

0.0 

0.1 

Total  hardness 

60 

62 

17 

27 

22 

36 

60 

Alkalinity 

29 

35 

37 

12 

8 

8 

16 

Est.  avg.  daily 
flow,  cfs 

1800 

UUO 

6500 

500 

1500 

100 

800 

a/  All  values  in  mg/1  except  pH  in  pH  units  and  other  pareimeters  as  noted. 
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Above  mile  70.1  and  in  the  New  River  area  of  the  drainage  basin, 
considerable  mining  has  occxirred  in  the  past,  and  many  small  streams 
are  acidic  throughout  the  year.  Analyses  of  samples  collected  by  the 
FedersLl  Water  Pollution  Control  Administration  at  New  River,  Tennessee 

p 

(D.A.  = 382  mi  ) indicate  that  combined  acid  loadings  from  small 
tributaries  upstream  cause  iron  concentrations  in  excess  of  1.0  ppm 
and  acidic  conditions  in  the  stream.  Data  for  this  station  is  shown 
below : 


Parameter 

3/30/66 

5/22/66 

6/18/66 

7/15/66 

8/26/66 

10/8/66 

pH 

7.0 

5.9 

6.8 

6.8 

5.8 

6.5 

Dissolved  Oxygen 

— 

8.8 

6.8 

6.8 

8.4 

9.0 

Temp . °C 

11 

21 

25 

29 

20 

15 

Spec.  Cond. 

230 

220 

300 

260 

190 

330 

BOD^  @ 20  °C 

--- 

— 

— 

— 

— 

3.5 

SO, 

4 

— 

44 

l4o 

50 

72 

96 

Fe 

0.2 

1.0 

0.9 

1.1 

2.5 

1.0 

Flow  in  cfs  I6U  206  121  28  5I4O  62 

The  limited  data  available  do  not  permit  more  than  a generaliza- 
tion as  to  the  effect  on  the  proposed  reservoir  of  the  stream  quality 
conditions  indicated.  However,  it  is  believed  that  the  mineral  quality 
of  the  water  in  the  reservoir  below  mile  70.1  would  be  satisfactory 
for  recreation  activities.  In  the  New  River  area,  the  high  iron 

a/  All  values  in  mg/1  except  pH  in  pH  units  and  other  parameters  as  1 

noted. 

i 

J 
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concentrations  and  acidic  conditions  could  have  a moderating  effect  on 
recreation  activities  in  small  embayments  of  the  reservoir.  At  present 
there  is  no  reason  to  suspect  that  bacteriological  quality  would  not  be 
satisfactory  for  recreation  activities. 

It  is  reported  by  the  U.  S.  Geological  Survey  that  ground-water 
from  the  Pottsville  Formation  generally  meets  the  standards  suggested 
by  the  U.  S.  Public  Health  Service  for  the  chemical  quality  of  drinking 
water  except  that  the  iron  content  exceeds  0.3  mg/1  and  frequently 
exceeds  3 mg/1;  therefore,  removal  of  iron  is  desirable  for  most  uses 
of  the  water.  The  water  normally  has  less  than  120  mg/1  of  hardness, 
less  them  60  mg/1  of  sulfate,  and  less  than  20  mg/1  of  chloride.  Despite 
the  coal  beds  contained  in  the  Pottsville  Formation,  and  the  many  aban- 
doned coal  mines  from  which  acidic  water  drains  into  the  streams,  ground 
water  analyses  have  not  shown  pH's  to  be  excessively  low. 

A few  chemical  analyses  of  water  from  springs  emd  wells  in  the  car- 
bonate rocks  of  the  eastern  Highland  Rim  indicate  that  the  water  ranges 
in  hardness  from  50  to  200  mg/1,  has  negligible  amounts  of  sulfate  and 
chloride,  and  has  less  than  UOO  mg/1  of  dissolved  solids.  The  water  is 
likely  to  have  more  than  0.3  mg/1  and  occasionally  8is  much  eis  5 mg/l  of 
iron. 

Existing  waste  treatment  facilities  in  the  study  area  are  shown  below 

Municipality  Treatment  Discharge  to 
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A consulting  engineer  is  presently  preparing  plans  for  a secondary 
sewage  treatment  plant  to  serve  Jamestown.  The  Kentucky  Water  Pollution 
Control  Commission  has  no  information  to  indicate  that  a sewage  treat- 
ment plant  will  be  constructed  at  Whitley  City  in  the  near  future. 


Streamflow  Characteristics 

For  water  supply  purposes  the  dependable  streamflow  is  considered 
to  be  the  minimum  daily  flow  having  a recurrence  interval  of  30  years . 

This  flow  is  estimated  to  be  9*8  cfs  in  the  South  Fork  of  the  Cumberland 
River  near  Stearns,  Kentucky. 

For  water  quality  control  purposes , the  dependable  streamflow  is 
considered  to  be  the  seven  day  average  low  flow  having  a recxirrence 
interval  of  10  years.  This  flow  is  estimated  to  be  l6.T  cfs  near  Stearns. 

It  is  estimated  by  the  Corps  of  Engineers  that  the  seepage  loss  from 
the  proposed  Devils  Jumps  Reservoir  would  be  1+5  cubic  feet  per  second. 

Economy 

The  principal  communities  in  the  study  area  are  Whitley  City,  Kentucky 
eind  Oneida  smd  Jamestown,  Tennessee. 

Population  and  employment  projections  for  the  study  area  were  devel- 
oped from  benchmark  projections  by  the  Office  of  Appalachian  Studies, 

Corps  of  Engineers.  Population  trends  are  shown  on  the  following  page. 
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i960 

1980 

2000 

2oeo 

McCreary  County,  Ky 
Whitley  City  Water 
Service  Area  (incl. 
Steams ) 

12,U63 

1,100 

15,660 

3,300 

21,910 

9,550 

30,810 

18,U00 

Scott  County,  Tenn. 
Oneida  Water 
Service  Area 

15,U13 

2,150 

15 ,000 
6,150 

20,500 

13,900 

28,600 
21+ ,900 

Fentress  County,  Tenn. 
Jamestown  Water 
Service  Area 

13,288 

1,U00 

16,710 
It,  800 

23,380 

11,500 

32,860 

21,000 

Study  Area  Total 

ltl,l6U 

U7,370 

65,790 

92,270 

For  industries  using  large  amoxints  of  water,  estimated  future 
employment  trends  by  Standard  Industrial  Classification  Code  are 
shown  below. 


Employees 


Location/Industry 

SIC  NO. 

1980 

2000 

2020 

Whitley  City  Water 

Service  Area 

Food  & Kindred  Products 

20 

51 

77 

II+9 

Chemicals  & Allied  Products 

28 

30 

71 

126 

Subtotal 

81 

1I+8 

275 

Oneida  Water 

Service  Area 

Food  & Kindred  Products 

20 

95 

111 

202 

Chemicals  & Allied  Products 

28 

56 

103 

171 

Subtotal 

151 

21I+ 

373 

Jamestown  Water 

Service  Area 

Food  & Kindred  Products 

20 

71+ 

92 

169 

Textile  Mill  Products 

22 

16 

20 

20 

Chemicals  & Allied  Products 

28 

kk 

86 

II+3 

Subtotal 

131+ 

198 

332 

Total  Employment  for  SIC  Nos.  20 

,22,  & 28 

366 

560 

980 

TotsLL  Employment  for  Study  Area 

12510 

18380 

25500 

D-362 


9 


Water  Supply  Needs 

Rising  population  and  rising  standards  of  living  will  result  in 
increased  per  capita  use  of  water  in  the  future  and  municipal  water 
supply  needs  have  been  projected  on  that  basis.  Per  capita  uses  of 
105,  115,  and  130  gallons  per  day  have  been  projected  for  years  1980, 
2000,  and  2020,  respectively. 

Increased  industrial  recirculation  of  water  in  the  future  will  tend 
to  reduce  fresh  water  intake  requirements  per  employee  though  total 
fresh  water  intake  will  continue  to  increase.  Industrial  water  supply 
requirements  for  the  study  area  are  based  on  present  use  modified  for 
the  future,  by  projected  recirculation  ratios  that  are  within  the  limits 
presently  being  attained  in  various  industries  in  other  geographical 
Eureas . 

Projected  municipal  and  industrial  water  supply  requirements  and 
additional  needs  are  shown  in  the  tabulation  below: 

Water  Requirements , mgd 

Municipality 1980 2000 2020 


Whitley  City  Water 


Service  Area 

Municipal 

Industrial 

0.35 

.^9 

Total  "TW 

1.10 

.81 

1.91 

2.39 

.93 

3.32 

Estimated  safe  yield 
of  present  source 

0.10 

0.10 

0.10 

Additional  need 

O.Tl* 

1.81 

3.22 
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Oneida  Water 
Service  Area 


Municipal 

Industrial 

0.65 

.91 

1.6o 

1.17 

3.23 

1.28 

Total 

1.56 

2.77 

‘♦.51 

Estimated  safe  yield 
of  present  source 

O.UO 

O.UO 

O.UO 

Additional  need 

l.l6 

2.37 

J+.n 

Jamestown  Water 
Service  Area 

Mvinicipal 

IndustrieLL 

0.50 

.72 

1.32 

.97 

2.73 

1.07 

Total 

1.22 

2.29 

3.80 

Estimated  safe  yield 
of  present  source 

0.30 

0.30 

0.30 

Additional  need 

0.92 

1.99 

3.50 

Cost  studies  indicate  that  the  additional  2020  water  supply  needs 
of  the  Whitley  City,  Jamestown,  and  Oneida  water  service  areas  can  be 
supplied  by  ground  water  or  a combination  of  ground  water  and  small 
impoundments  at  less  cost  than  supplying  the  additional  needs  from  the 
proposed  Devils  Jumps  Reservoir.  Some  of  the  main  advantages  of  ground 
water  for  municipal  water  supply  are:  (l)  the  ability  to  obtain 

adequate  supplies  close  to  the  point  of  distribution;  (2)  the  lower 
capital  outlay  required  to  provide  a supply;  (3)  the  usually  less 
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expensive  cost  of  treatment  required  to  provide  waters  suitable  for 
municipal  use;  (U)  the  ability  to  expand  the  system  by  small  increments 
as  water  demands  increase. 

Water  Quality  Control  Meeds 

Studies  by  the  U.  S.  Public  Health  Service  in  the  Cincinnati,  Ohio 
area  showed  that  for  a well-rounded  warm  water  fish  population,  dissolved 
oxygen  concentrations  should  not  be  below  5 mg/1  for  more  than  8 hours 
of  any  2h  hour  period,  and  at  no  time  should  it  drop  below  3 mg/1.  For 
the  purposes  of  this  report,  a minimum  dissolved  oxygen  content  of  5 mg/1 
is  used.  This  will  preserve  desirable  aquatic  life  and  enhance  recrea- 
tional use. 

In  addition,  in  order  to  maintain  satisfactory  water  queJ-ity  in  the 
reservoir  and  also  downstream  of  the  dam  in  future  years , the  following 
woiild  be  required: 

1.  Removal  of  at  least  85  percent  of  waste  loaxis  entering  the 
stream  and/or  reservoir  as  measured  by  the  ultimate  first 
stage  biochemical  oxygen  demand. 

2.  Removal  of  all  settleable  solids  that  will  form  putrescent 
or  otherwise  objectionable  sludge  deposits. 

3.  Removal  of  oil,  scum,  floating  materials,  and  substances 
producing  taste  and  odor  to  a degree  required  to  prevent 
unsightly  or  deleterious  conditions. 
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U.  Removal  of  all  substances  that  eure  toxic  or  harmful  to  human, 

euiimal,  plant,  or  aquatic  life  either  by  themselves  or  in 

combination  with  other  substances. 

5.  Cooling  of  heated  discharges  to  a temperature  that  will  not 
impair  use  of  the  receiving  stream. 

6.  Reduction  of  harmful  bacteria  to  a level  that  will  not  impair 
use  of  the  waters. 

7.  Abatement  and  control  of  acid  mine  drainage  in  the  basin.  ' 

At  normal  reservoir  operating  levels  there  would  be  several  miles 

of  open  stream  between  Devils  JumpS'  tailwater  and  Laice  Cumberland 
headwater.  For  quality  control  calculations,  it  has  been  assumed  that 

effluent  from  a future  sewage  treatment  plant  in  the  Whitley  City  area 

would  enter  the  South  Fork  of  the  Cumberland  River  in  the  reach  of  open 
stream. 

Quality  control  flows  have  been  computed  on  the  premise  that  all 
wastes  will  receive  at  least  secondary  treatment.  On  this  basis,  it 
was  found  that  streamflow  of  15  cfs  would  be  required  for  quality 
control  below  Devils  Jumps  reservoir  in  the  summer  months  by  I98O  and 
that  the  requirement  would  be  36  cfs  by  year  2020.  The  estimated 
reservoir  seepage  loss  of  1+5  cfs  would  satisfy  water  quality  control 
requirements.  It  is  realized  that  reservoir  seepage  loss  might  be  low 
in  dissolved  oxygen  content  but  it  would  only  be  during  off-peak  power 
periods  such  as  weekends  that  the  flow  would  be  as  low  as  1+5  cubic  feet 
per  second.  Regulated  flows  have  not  yet  been  determined  but  the  7-day 
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regulated  low  flow  having  a recurrence  interval  of  10  years  would  be 
in  excess  of  the  seepage  loss . 

The  feasibility  of  installing  miiltiple-level  power  intakes  to 
permit  selection  of  the  best  quality  water  for  release  downstream 
should  be  investigated.  Venting  of  turbines  to  increase  the  dissolved 
oxygen  content  is  also  a possibility  to  be  considered. 

It  is  assumed  that  sewage  treatment  plant  effluent  from  the  Jamestown 
area  would  continue  to  be  discharged  to  Rockcastle  Creek  in  the  Obey 
River  Basin  west  of  Jamestown  and  that  effluent  from  the  Oneida  area 
would  continue  to  be  discharged  to  Pine  Creek  from  which  it  would  enter 
Devils  Jumps  Reservoir. 

Jamestown  is  located  on  the  divide  between  the  Obey  River  Basin  and 
South  Fork  Cumberland  River  Basin,  and  Oneida  is  at  the  headwaters  of 
Pine  Creek.  Drainage  areas  near  these  locations  would  not  yield  suffi- 
cient storage  for  flow  augmentation  purposes.  Therefore,  as  the  commu- 
nities grow,  it  may  be  necessary  to  provide  additional  waste  treatment 
beyond  secondary  in  order  to  protect  water  quality  in  the  Obey  River 
Basin  and  in  Devils  Jumps  Reservoir. 
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IN  REPLYING  ADDRESS; 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 

Ohio  Basin  Region 
U676  Columbia  Parkway 
Cincinnati , Ohio  h^226 


TJovember  21 , 19oT 


Colonel  J.  L.  Fichback 
District  Engineer 
Corps  of  Engineers 
P.  0.  Box  lOTO 
Kashville,  Tennessee  37202 

Dear  Colonel  Fishback.: 

Reference  is  made  to  a letter  from  your  office  dated  Karch  21,  19f'7 
requesting  information  on  water  supply  and  water  quality  control  needs 
in  the  area  that  would  be  affected  by  the  potential  Parker  Branch 
Reservoir  Project,  which  is  a part  of  the  Appalachian  Water  Resources 
Survey . 

We  have  evaluated  the  water  sunply  and  vrater  quality  control  needs  for 
the  affected  area  to  year  2020  baaed  on  developmental  benchmarks  and 
projections  established  by  the  Office  of  Business  Economics  and  the 
Office  of  Appalachian  Studies.  Our  findings  are  considered  supplemental 
to  the  October  I96U  "Water  Supply  and  Water  Duality  Control  Stud-'-; 

Rockcastle  ''iarrows  and  I’arkcr  Branch  Reservoirs,  Cumberlanii  "■’iver  Basin, 
Kentucky,"  nrepared  by  the  U.  S.  Department  of  Health,  'Education  and 
V/elfare,  Public  !!ea,lth  Service,  Region  III,  Charlottesville,  Virginia. 

The  report  concluded  ti\at  there  were  no  benefits  to  be  obtained  from 
storage  in  Parker  Branch  and/or  Rockcastle  Harrows  Reservoirs  for  the 
purposes  of  water  sunply  and  water  quality  control,  'i’hese  conclusions 
are  still  valid  based  upon  the  present  evaluation  criteria. 

In  the  Raccoon  and  Little  Raccoon  Creek  areas  of  Laurel  County,  mining 
operations  have  caused  acid  and  sulfate  problems.  Alth.ourb  tlie  extensive 
mining  ceased  sometime  ago,  tiie  stream.flow  is  still  acid  most  of  the 
time.  Values  of  pH  below  9 have  been  recorded  and  the  sulfatf?  concentration 
exceeded  650  ppm  at  one  time.  Acid  streamnior;  would  !;nve  an  adverse  effect 
on  water  quality,  and  the  Raccoon  and  Little  Raccoon  Creek  areas  of  the 
reservoir  v;ould  be  of  Questionable  valun  for  recreational  purxioses. 
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Downstream  of  the  confluence  of  Little  Raccoon  Creek  and  Rockcastle  River, 
the  water  quality  would  be  somewhat  improved  because  of  the  addition  of 
streanflow  from  areas  generally  free  of  significant  acid  streamflow. 

Tne  bacteriological  quality  of  v/ater  stored  in  the  reservoir  should  be 
satisfactory. 


Sincerely  yours , 


R.  A.  Vanderhoof 
Regional  Director 
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IN  REPLYING  ADDRESS: 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

FEDERAL  WATER  POLLUTION  CONTROL  ADMINISTRATION 

Ohio  Basin  Region 
U6t6  Columbia  Parkway 
Cincinnati , Ohio  h^226 


November  21,  I96T 


Colonel  R.  R.  Vessels 
District  Engineer 
Corns  of  Engineers 
P.  0.  Box  59 

Louisville,  Kentucky  U0201 
Attention:  William  Leegan 

Dear  Colonel  Vessels : 

Reference  is  made  to  a phone  call  from  your  office  on  June  20,  1967 
requesting  information  on  water  supply  and  v;ater  quality  control  needs 
in  the  area  that  v/ould  be  affected  b;/  the  potential  Kingdom  Come  Reser- 
voir Project,  which  is  a part  of  the  Appalachian  Water  Resources  Survey. 
The  project  would  be  located  at  mile  130.2  on  the  Kortli  Fork  of  the 
.Kentucky  River  in  Letcher  County,  Kentucky. 

V/e  have  evaluated  the  water  supply  and  v;ater  quality  control  needs  for 
the  affected  area  to  year  2020  based  on  developmental  benchmarks  and 
projections  established  by  the  Office  of  Appalachian  Studies  and  the 
Office  of  Business  Economics.  Our  findings  are  considered  supplemental 
to  the  October  1961^  "Water  Supply  and  V.'ater  Quality  Control  Study;  Carr 
Fork  and  Line  Fork  Reservoirs,  Kentucky  River  Basin,  Kentucky,"  prepared 
by  the  U.  C.  Department  of  Health,  Education,  and  Welfa,re ; Public  Health 
Service,  Region  III;  Charlottesville,  Virginia.  T!;e  report  noted  that 
vrater  supply  needs  to  year  2020  could  be  met  from  present  sources  but 
that  water  quality  control  would  be  needed  in  the  iorth  Fork  of  the 
Kentucky  River  at  f'azard  after  adequate  waste  treatment.  Accordingly, 
it  was  recommended  that  tiie  follow’inr  streamflovs  be  maintained  in  year 
2020  at  Hazard  for  the  purpose  o'*"  w^ater  qualitir  control: 

ilonth  cfs 


Jan . , 

Feb. , Ear. 

8 

Apr.  , 

Kay,  June 

25 

July , 

Aug. , Sep. 

28 

Oct . , 

Nov.,  Dec. 

19 

For  year  2020  it  was  estimated  that  a draft-on-storage  of  2,300  acre-feet 
would  be  required  to  m.eet  the  above  flows  during  a once  in  20-year  drought 
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Using  current  criteria  which  reflect  the  developmental  effects  of  the 
Appalachian  program,  we  find  that  for  water  quality  control,  the  follow- 
ing streamflows  should  be  maintained  at  Pazard  for  2020  conditions  of 
development : 

■■*onth  *Streamflow,  cfs 


•Tan.  , 

Feb . , Mar . 

■ 11 

Apr. , 

May,  Jime 

36 

July, 

Aug. , Sep. 

UO 

Oct.  , 

Kov. , Dec . 

27 

^Includes  streamflow  to  be  supplied  from  Carr  Fork  Reservoir 

It  is  estimated  that  a draft-on-storage  of  3,^00  acre-feet  would  be  needed 
to  meet  the  above  flows  during  a once  in  10-year  drought  which  is  the 
criterion  now  being  used  to  determine  supplemental  storage  for  the  purpose 
of  water  quality  control. 

In  the  absence  of  the  Federal  project,  the  water  quality  control  objective 
could  be  achieved  by  constructing  a reservoir  for  the  purpose  of  augmenting 
natural  streamflow.  When  allowances  are  made  for  sediment  and  evaporation 
losses,  a total  storage  of  U,200  acre-feet  is  needed  to  meet  the  objective. 
The  total  investment  cost  for  this  quantity  of  storage  would  be  $1,520,000. 
When  this  investment  is  amortized  over  a 100-year  period  at  an  interest 
rate  of  3k  percent,  and  an  allowance  is  made  for  operation  and  maintenance 
costs,  the  total  annual  cost  is  $82,000.  Tliis  is  the  annual  benefit  for 
water  quality  control  flows  to  be  supplied  from  Carr  Fork  and/or  Kinpdom 
Cone  Reservoir. 

We  find  no  apparent  need  for  municipal  and  industrial  water  supply  to  year 
2020.  The  dependable  iiorth  Fork  flow  and  capacity  of  existing  storage 
facilities  are  adequate  for  these  uses. 

In  the  headwaters  of  the  North  Fork  above  Wliitesburg  and  in  the  Rockhouse 
Creek  area,  iron  concentrations  in  excess  of  1.0  ppm  occur  a large  percent- 
age of  the  time,  and  streamflow  is  often  acidic  as  a result  of  coal  mining 
operations.  These  factors  can  cause  a loss  in  reservoir  recreation  poten- 
tial. The  presence  of  iron  floe  on  the  streambed  and  acidic  conditions 
would  hinder  development  of  a sport  fish  population.  The  situation  would 
probably  be  most  critical  during  periods  of  rainfall  when  iron  floe  pre- 
viously deposited  on  the  streambeds  of  minor  tributaries  during  relatively 
dry  periods  would  be  carried  downstream  into  the  reservoir.  To  minimize 
these  effects,  an  effective  acid  mine  pollution  abatement  program  would 
have  to  be  established.  The  bacteriological  quality  of  water  stored  in  the 
reservoir  would  be  satisfactory  for  most  purposes  provided  that  wastes  from 
the  community  of  Whitesburg  are  adequately  treated. 

Sincerely  yours , 


R.  A.  Vanderhoof 
Regional  Director 
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December  8,  1966 


Colonel  Wilson  Neff 
District  Engineer 
Buffalo  District 
Corps  of  Engineers 
Foot  of  Bridge  Street 
Buffalo,  N.  Y.  14207 

Dear  Colonel  Neff: 

We  have  reviewed  the  Draft  Survey  Report  for  Flood  Control 
on  Conneaut  Creek  at  and  in  the  vicinity  of  Conneautville , 
Pennsylvania  as  you  requested. 

Our  only  question  would  be  in  relation  to  paragraph  17 , on 
page  6.  We  feel  that  consideration  should  be  given  to  in- 
stalling a sewerage  collection  system  and  secondary  treat- 
ment plant  for  Conneautville  at  the  time  of  or  before  the 
channel  improvements  are  constructed.  As  agreed  to  by  the 
various  states  involved  and  the  Federal  Government  at  the 
Lake  Erie  Enforcement  Conference,  all  municipal  wastes  are 
to  be  given  secondary  treatment,  and  no  new  combined  storm 
and  sanitary  sewers  are  to  be  built.  Therefore,  no  struc- 
tures such  as  those  proposed  should  be  constructed  which 
are  a part  of  a system  which  continuously  discharges  un- 
treated sewage. 

Sincerely  yoiirs . 


H.W.  Poston 
Regional  Director 
Federal  Water  Pollution 
Control  Administration 

GPratt : arw 
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Great  Lakes  Region 
Chicago,  Illinois 


X 


1 


August  29,  1967 


i 

1 

I 


Mr.  Ralph  H.  Gallinger 
Chief,  Engineering  Division 
Corps  of  Engineers 
Foot  of  Bridge  Street 
Buffalo,  New  York  1420? 

Dear  Mr . Gallinger : 

We  have  completed  our  review  of  the  Genesee  River  and  its  tributaries 
in  Allegany  County  as  requested  in  your  letter  dated  August  8,  196?. 

It  appears  that,  even  with  the  assumption  that  the  growth  rate  of  the 
area  can  be  accelerated,  the  main  stem  of  the  Genesee  River  will  be 
adequate  for  water  quality  control  provided  good  secondary  treatment 
(better  than  90  percent)  is  installed.  Three  communities  on  tributary 
streams  of  the  Genesee  River  must  provide  advanced  waste  treatment  to 
maintain  the  water  quality  standards  of 'the  receiving  water  unless  up- 
stream storage  for  water  quality  control  is  determined  feasible  and  made 
available . 

The  only  sector  on  the  main  stem  of  the  Genesee  River  that  is  projected 
to  receive  a significant  waste  discharge  and  for  which  a reservoir  at 
Stannard  needed  examination  for  agumenting  the  streamflows  for  dilution 
is  the  reach  below  Wellsville.  This  village  was  projected  growing  from 
its  present  population  of  5,967  to  over  17,000  in  the  year  2020  based 
on  developmental  benchmarks.  However,  with  conventional  secondary 
treatment  providing  a high  degree  of  organic  removal,  the  capacity  of 
the  stream  is  estimated  to  be  about  130  percent  greater  than  anticipated 
loading  in  the  year  2020. 

The  water  quality  in  the  other  sectors.  Dyke  Creek  below  Andover, 

Van  Campen  Creek  below  Friendship,  and  Angelica  Creek  below  Angelica, 
is  estimated  being  contravened  in  the  years  2000,  2010,  and  I960, 
respectively,  if  the  projected  loadings  materialize.  Advanced  treat- 
ment, or  treatment  that  provides  organic  removals  in  excess  of  90 
percent,  will  be  sufficient  to  maintain  adequate  quality  water  in  these 
three  receiving  streams,  but  consideration  should  also  be  given  to  deter- 
mining the  feasibility  of  providing  upstream  storage  in  each  of  these 
creeks  for  water  quality  control.  We  will  be  glad  to  fiirnish  the  stream- 
flow  requirements  on  these  three  stream  sectors  if  your  office  determines 
reservoir  sites  are  feasible  on  any  one  or  all  of  them. 
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We  do  not  have  sufficient  information  to  evaluate  the  streamflow  require- 
ments for  diluting  the  wastes  from  the  proposed  pulp  mill  and  petro- 
chemical plant  near  Wellsville.  It  does  appear  that  a minimum  daily 
flow  of  140  cfs  would  be  adequate  for  a pulp  mill  with  a waste  discharge 
of  20  mgd,  assuming  good  secondary  treatment. 

If  you  have  any  questions  or  need  additional  information  please  feel  free 
to  contact  Mr.  Lee  Townsend  at  our  Lake  Ontario  Program  Office. 

Sincerely  yours. 


H.  W.  Poston 
Regional  Director  • 


[Note:  The  basis  for  these  conclusions  may  be  found  in  the  report  entitled 

"A  Water  Pollution  Control  Program  for  the  Genesee  River  Basin,"  prepared 
jointly  by  United  States  Department  of  the  Interior i Federal  Water 
Pollution  Control  Administration;  Great  Lakes  Region;  Rochester  Program 
Office;  Rochester,  New  York;  and  New  York  State  Department  of  Health; 
Environmental  Health  Services,  Division  of  Pure  Waters;  Albany,  New  York. 

Additional  information  is  also  contained  in  Appendix  H of  the  "Genesee 
River  Basin  Comprehensive  Study  of  Waters  and  Related  Land  Resources," 
prepared  by  the  New  York  State  Health  Department.] 


D-376 


AD-A041  404  CORPS  OF  ENGINEERS  CINCINNATI  OHIO  F/6  8/6 

development  of  water  resources  IN  APPALACHIA.  VOLUME  19.  APPEND— -ETC (U)  ! 

mar  69  I 

UNCLASSIFIED  hl 

END 

date 

FILMED 

7-77 


I 


c 


0 


1 


Y 


October  27,  196? 


Mr . Ralph  Gallinger 
Chief,  Engineering  Division 
D.  S.  Army  Corps  of  Engineers 
Foot  of  Bridge  Street 
Buffalo,  New  York  1420? 

Dear  Mr.  Gallinger: 

We  have  made  a preliminary  estimate  of  the  water  quality  requirements 
for  the  Genesee  River  below  the  proposed  pulp  and  paper  mill  below 
Wellsville.  We  have  found  that  the  50  MGD  figure  quoted  in  the  proposal 
for  dilution  of  the  mill's  waste  to  be  adequate  if  the  stream's  assimila- 
tive characteristics  are  indeed  moderately  favorable,  as  they  appear  to 
be.  Before  any  definitive  statement  of  the  river's  assimilative  capacity 
can  be  made,  however,  some  detailed  field  surveys  would  be  required. 

We  do  not  anticipate  having  the  resources  to  do  this  at  the  present  time, 
but  at  some  future  date  this  could  probably  be  arranged  if  validation 
of  our  estimates  became  necessary. 

The  location  of  the  proposed  mill  is  between  Wellsville  and  Belmont. 

We  have  determined  that  the  preferred  location,  from  the  water  quality 
standpoint,  is  about  five  miles  downstream  near  Scio.  This  would  provide 
adequate  recovery  time  for  the  Village  of  Wellsville 's  waste. 

With  regard  to  the  effect  of  the  nutrient  loading  emanating  from  the 
proposed  pulp  and  paper  mill  waste,  it  is  assumed  some  form  of  chemical 
coagulation  or  other  treatment  would  be  included  for  removal  of  phospiiorus 
and/or  other  nutrients  in  the  design  of  the  mill's  waste  treatment  plant. 

Based  on  our  preliminary  estimates,  the  Stannard  site  would  be  required 
to  supply  up  to  50  MGD  (80  cfs)  during  the  periods  of  low  flow.  Comparison 
of  this  flow  requirement  with  the  mean  monthly  flows  that  occarred  d'oring 
the  1963-64  critical  water  year  yielded  a net  storage  requirement  of 
5,100  acre  feet.  Only  August  and  September  had  mean  monthly  flows  less 
than  80  cfs  during  this  period. 

We  appreciated  the  opportunity  to  comment  on  this  proposal  and  hope  our 
information  will  aid  in  your  evaluation. 

Sincerely  yours , 


H.  W.  Poston 
Regional  Director 
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Zoar  Reservoir  (Cattaraugus  Creek) 
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UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 

fekral  water  pollution  control  administration 
GREAT  LAKES  REGION 
33  EAST  CONGRESS  PARKWAY,  ROOM  4lO 
CHICAGO,  ILLINOIS  60605 


Jiuie  13,  1968 


Col  A.  L.  Wright 

Buffalo  District,  Corps  of  Engineers 
Foot  of  Bridge  Street 
Buffalo,  New  York  14207 


Dear  Colonel  Wright; 


Reference  is  Bade  to  Col.  Neff’s  letter  of  April  10,  1967  to 
George  Harlow  and  our  reply  of  June  9,  1967  regarding  storage 
requirements  of  the  Zoar  Reservoir  on  Cattaraugus  Creek. 


Tn  our  reply  we  stated  that  " The  recommended  level  of  treat- 

ment for  Gowanda  will  he  90  percent  BOD  removal.  Biat  recosmenda- 
tion  should  be  revised  in  accordance  with  the  Lake  Erie  Enforcement 
Conference  reconmendations , the  water  quality  standards  program, 
and  our  own  comprehensive  water  pollution  control  program  reccm- 
mendatlons . 


Thus  our  recommendation  now  is  that  the  Peter  Cooper  Corp.  and 
Maench  Tanning  Co.  connect  to  the  Gowanda  Sewage  Trea^nt  Pl^t, 
and  that  the  plant  provide  advanced  waste  treatment  (90  percent 
BOD5  removal)  and  maximum  phosphorus  control  consistent  with 
available  technology. 


It  should  be  noted  that  Nuclear  Sewer  Service  Inc.,  West  Valley, 
N Y discharges  its  waste  (including  radioactive  waste)  to  a 
small  tributary  which  enters  Cattaraugus  Creek  upstream  of  the 
proposed  reservoir. 

Sincerely  yours , 


H.  W.  Poston 
Regional  Director 
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